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December, 1987 
To : Our Friends of the Beef Cattle Industry
From : Richard C. Wahlstrom, Acting Head 
Department of Animal and Range Sciences 
To those of you receiving this report on January 6, I extend a 
welcome to our 1987 Cattle Feeders Day and to South Dakota State 
University. To you and others who will receive this second annual Beef 
Report, we want you to know we appreciate your interest in our research 
program and we are pleased to have the opportunity to present some of our 
research results to you in this publication. Listed inside the back 
cover are the. names of organizations and individuals that have helped 
support the beef cattle research efforts. We sincerely appreciate their 
support. 
The beef cattle industry had a better year in 1987 which does help 
the enthusiasm of all of us that are associated with the industry in any 
way. However, we must continue to work to improve the efficiency of 
production from the range through the feedlot as well as continue to 
improve the final product.and thus increase consumption. Our Animal and 
Range Sciences staff welcome your comments and questions so that we can 
do a better job of serving you. 
South Dakota State University, South Dakota Counties and U.S. Department of Agriculture Cooperating 
Edccatioial progra"?a and materials are offered without regard to age, race, color, religion, sex, handicap or national orlgin 
-~ - .  . I De~artment o f  Animal I I 
, I BOi-il?o Sciences 
Brook~ngs, SD 57007-0392 I Phone (605) 688-5165 
COOPERATIVE EXTENSION SERVICE 
S o u t h  Dakota State U n i v e r s i t y  
December, 1987 
and R a n g e  Sciences 
Livestock-Poultry-Meat Science- 
R a n g e  Science 
College o f  Agriculture and Biological 
Dear Friends: 
Thank you for examining the 1987 South Dakota Beef Report. This 
report is a summary of beef cattle research work at South Dakota State 
University. Included in this report are papers concerning the nutrition, 
management, health, physiology, genetics and economics of beef cattle 
production. Also, a section concerning beef, the final product, has been 
included. 
Please feel free to contact the authors of these papers or me if you 
have questions or comments concerning our research work. We enjoy 
hearing from you. 
Thank you for your continuing support of extension, research and 
teaching programs at South Dakota State University. 
Sincerely, 
Editor 
South Dakota State University. South Dakota Counties and U.S. Department of Agriculture Cooperating 
Cducatlo.'a' proqraTs and materials ar? offered withou! Veqard to aqe. race, color, religion, sex, handicap or national origin 
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\ BEEF REPORT 
INTERPRETING EXPERIMENTAL RESULTS 
1 
D. M. Marshall 
Department of  Animal and Range Sciences 
CATTLE 87-1 
A t y p i c a l  experimental format involves evaluat ing the response caused by app l i ca t ion  o f  d i f f e r e n t  treatments 
t o  experimental subjects (animals, carcasses, pens, pastures, etc.). The e f fec t  of a given treatment might be 
evaluated by comparison t o  a con t ro l  group o r  t o  one o r  mare other treatment groups. However, a problem with 
animal research (and other types as we l l )  i s  that  v a r i a t i o n  not due t o  treatments o f t e n  e x i s t s  among experimental 
subjects. 
For example, suppose tha t  animals receiv ing r a t i o n  A grow fas te r  than animals receiv ing r a t i o n  0.  Uas the 
observed d i f fe rence  i n  growth rates ac tua l l y  due t o  di f ferences i n  the ra t ions  o r  t o  other fac to rs  (i.e., 
genetics, age, sex, etc.) o r  some o f  each? S t a t i s t i c a l  analyses evaluate the amount o f  v a r i a t i o n  between 
treatment groups r e l a t i v e  t o  the amount o f  v a r i a t i o n  u i t h i n  treatment groups. I n  addi t ion,  v a r i a t i o n  caused by 
fac to rs  other than treatments can sometimes be el iminated by the s t a t i s t i c a l  analysis. 
The statement "the d i f fe rence  was s t a t i s t i c a l l y  s i g n i f i c a n t  (P>.05)" ind icates the p r o b a b i l i t y  o f  a 
d i f fe rence  o f  tha t  magnitude occurr ing from chance rather  than from the  research treatment i s  Less than 5%. 
A c o r r e l a t i o n  c o e f f i c i e n t  provides an ind ica t ion  o f  the re la t ionsh ip  betueen two fac to rs  and can range from 
- 1  t o  + l .  A strong, p o s i t i v e  co r re la t ion  (close t o  1) ind icates t h a t  as one fac to r  increases the other fac to r  
tends t o  increase, also. For example, several studies have shown a p o s i t i v e  c o r r e l a t i o n  between cow m i l k  y i e l d  
and c a l f  weaning weight. A strong negative co r re la t ion  (close t o  - 1 )  ind icates tha t  as one fac to r  increases the 
other fac to r  tends t o  decrease. A co r re la t ion  near zero ind icates the tuo fac to rs  are unrelated. 
Means (averages), co r re la t ions  and other s t a t i s t i c s  presented i n  research r e s u l t s  a re  sometimes fol lowed by + 
some f i g u r e  known as the standard error .  The standard e r ro r  provides an ind ica t ion  o f  the poss ib le  e r r o r  with 
which the s t a t i s t i c  was measured. The s ize  o f  the standard e r ro r  o f  a treatment mean depends on the animal t o  
animal v a r i a t i o n  u i t h i n  a treatment group and on the number o f  animals i n  the group. 
ALL other fac to rs  being equal, the greater the amaunt of animals and(or) rep l i ca t ions  per treatment, the 
smaller the  d i f fe rence  requi red t o  achieve a given value f o r  p r o b a b i l i t y  o f  s ign i f icance.  Stated another way, 
increasing the nunber o f  animals o r  rep l i ca t ions  increases the Likel ihood o f  detect ing d i f ferences due t o  
treatments when such d i f ferences do indeed ex is t .  
Several o f  the  research repor ts  i n  t h i s  pub l i ca t ion  contain s t a t i s t i c a l  terminology. Although such terms 
might be un fami l i a r  t o  some readers, the s t a t i s t i c a l  analyses al low fo r  more appropriate i n t e r p r e t a t i o n  of  resu l t s  
and make the repor ts  more useful.  
'Assistant Professor. 
SDSU PUREBRED BEEF HERDS 
1 
R. J. P r u i t t  and R .  H .  Haigh 2 
Department o f  Animal and Range Sciences 
CATTLE 87-2 
A herd o f  purebred Angus and Simnental cows i s  maintained near the SDSU campus t h a t  i s  used f o r  teaching, 
research and extens ion a c t i v i t i e s .  C a t t l e  maintained a t  t h i s  u n i t  a re  made a v a i l a b l e  f o r  i n t roduc to ry  animal 
science, meats, animal breeding, reproduct ive  physiology, beef product ion and l i v e s t o c k  eva lua t i on  courses. 
Current reproduct ive  phys io logy research under the d i r e c t i o n  o f  Dr. Herley M i l l e r  t h a t  invo lves t h i s  herd  i s  
repor ted i n  another paper i n  t h i s  pub l i ca t i on .  Besides use i n  the classroom, c a t t l e  are  used f o r  the annual SDSU 
L i t t l e  I n t e r n a t i o n a l ,  f i e l d  days and numerous 4-H, FFA and o ther  educat ional  events. I n  a d d i t i o n  t o  p rov id ing  
research i n fo rma t ion  and an oppor tun i t y  f o r  education, t h i s  herd  i s  p rov id ing  a s t imulus  f o r  i n t e r a c t i o n  between 
s tudents  and f a c u l t y  w i t h  a comnon i n t e r e s t  and an avenue f o r  comnunication between f a c u l t y  and producers i n  the 
region. 
I n  1988 approximately 45 Angus and 35 Simnental females w i l l  be bred t o  some of  t he  e l i t e  b u l l s  of the 
i ndus t r y  as i nd i ca ted  by Nat iona l  S i r e  Sumnary informat ion. For tunate ly  breeders throughout the U.S. have been 
generous i n  donat ing semen from the e l i t e  b u l l s  o f  t h e i r  respec t i ve  breed t h a t  f i t  our s e l e c t i o n  goals.  The 
average expected progeny d i f f e rences  (EPD1s) f o r  the b u l l s  used i n  1987 and the  cow herd are: 
S i res  used 
i n  1987 Cow herd 
B i r t h  weight 
Weaning weight 
M i l k  
Combined maternal index 
Year l ing  weight 
Simnental 
Ca lv ing ease 
B i r t h  weight 
Weaning weight 
Year l ing  weight 
Maternal ca l v ing  ease 
Maternal weaning weight 
Maternal mi l k  
I n  a d d i t i o n  t o  ex tens ive A I ,  embryo t r a n s f e r  i s  being used t o  improve our purebred herd. This has been made 
poss ib le  by  the  generos i ty  o f  Dr. and Mrs. B i l l  Hines, Spearfish, South Dakota, who have donated t h e i r  t ime and 
expe r t i se  i n  per forming the t r a n s f e r  procedures. Various South Dakota Simnental breeders have been generous i n  
donat ing embryos. 
1 
Ass is tant  Professor.  
2 
Manager, Purebred Beef Uni t .  
Calves produced each year are  used ex tens i ve l y  f o r  teaching and ex tens ion a c t i v i t i e s .  I n  the  recent  past 
y e a r l i n g  b u l l s  produced i n  t h i s  herd have been used i n  the  u n i v e r s i t y ' s  o ther  research herds u i t h  a  f eu  b u l l s  
o f f e r e d  f o r  sa le .  Our Longer range goal i s  t o  conduct a  s tuden t - run  b u l l  s a l e  t o  o f f e r  s tudents  a  va luab le  
exper ience i n  promot ion and merchandising. The y e a r l i n g  b u l l s  i n  1987 produced t h e  f o l l o w i n g  records:  
B i r t h  ue igh t  
Weaning ue igh t  (no creep) 
Yea r l i ng  ue igh t  
Frame score  
Sc ro ta l  c i rcumference, cm 
Expected progeny d i f f e r e n c e s  
B i r t h  weight 
Weaning ue igh t  
M i l k  
Yea r l i ng  ue igh t  
B i r t h  ue igh t  
Weaning weight (no creep) 
Yea r l i ng  ue igh t  
Frame score 
Sc ro ta l  circumference, cm 
Expected progeny d i f f e r e n c e s  
Calving ease 
Weaning ue igh t  
Yea r l i ng  ue igh t  
Maternal  c a l v i n g  ease 
Maternal  weaning ue igh t  
Expected progeny d i f f e r e n c e s  (EPD's) on young unproven b u l l s  and proven s i r e s  t h a t  a r e  c u r r e n t l y  c a l c u l a t e d  
by many breed assoc ia t i ons  o f f e r  us t he  most accurate method of s e l e c t i n g  s i r e s  f o r  c a l v i n g  ease, grouth  r a t e  and 
p r o d u c t i v i t y  o f  t h e i r  daughters. Est imated breeding values (EBV1s) g i v e  us the  best  es t imate  o f  an an ima l ' s  t r u e  
genet ic  va lue f o r  these t r a i t s  uhen EPD's a re  no t  ava i l ab le .  Frame scores a r e  prov ided as an o b j e c t i v e  
measurement r e l a t e d  t o  mature s i z e  t h a t  can be used t o  increase the  ue igh t  a t  cho ice  grade o f  the  ca l ves  produced 
o r  L i m i t  t h e  mature s i z e  o f  a  b u l l ' s  daughters, whichever may be d e s i r a b l e  f o r  a  p a r t i c u l a r  s i t u a t i o n .  Scro ta l  
c i rcumference o f  y e a r l i n g  b u l l s  i s  t h e  most use fu l  s e l e c t i o n  t o o l  c u r r e n t l y  a v a i l a b l e  t o  s e l e c t  f o r  improved 
f e r t i l i t y  because o f  a  s t rong  r e l a t i o n s h i p  between scro ta1 s i z e  and increased b u l l  f e r t i l i t y  and e a r l y  puber ty  i n  
c l o s e l y  r e l a t e d  females. 
I f  you a re  i n t e r e s t e d  i n  rece i v i ng  performance i n fo rma t i on  on our y e a r l i n g  b u l l s ,  contac t  D i c k  P r u i t t  o r  
Ron Haigh o f  t h e  Animal and Range Sciences Department. 
CURRENT KNWLEDGE CONCERNING S I L I C A  URINARY CALCULI 
1 
Royce J. Emerick 
Department o f  Chemistry 
BEEF REPORT CATTLE 87-3 
Sumnary 
Laboratory research has shown phosphate t o  i n h i b i t  the format ion o f  i nso lub le  s i l i c a - p r o t e i n  complexes t h a t  
a re  be l i eved  t o  be important i n  the format ion o f  s i l i c a  u r i n a r y  c a l c u l i .  I n  work w i t h  l abo ra to ry  animals, 
increases i n  d i e t a r y  phosphorus and u r i n e  a c i d i f y i n g  s a l t s  reduced the  incidence o f  s i l i c a  u r i n a r y  c a l c u l i .  These 
f i nd ings  t r a n s l a t e  i n t o  feeding and management p rac t i ces  t h a t  may be b e n e f i c i a l  i n  reducing t h e  incidence o f  
s i l i c a  u r i n a r y  c a l c u l i  i n  c a t t l e  and sheep. 
(Key Uords: U r i n a r y  Ca lcu l i ,  S i l i c a ,  Phosphorus, Calcium, Amnonium Chlor ide, Sodium Bicarbonate.) 
I n t r o d u c t i o n  
Two main types o f  u r i n a r y  c a l c u l i  occur i n  c a t t l e  and sheep. Phosphatic c a l c u l i  composed o f  calcium, 
magnesium and amnoniun phosphates main ly  occur in  feed lo t  animals consuming h igh-concent ra te  d i e t s .  O n  t he  o ther  
hand, s i l i c a  u r i n a r y  c a l c u l i  most genera l l y  occur i n  range animals w i t h  s i l i c a  as the  main component. 
One o f  t he  more important n u t r i t i o n a l  developments o f  the 19601s era  was the  f i n d i n g  t h a t  phosphat ic u r i n a r y  
c a l c u l i  in  f e e d l o t  c a t t l e  and sheep were caused by excess d i e t a r y  phosphorus coupled w i t h  a low ca lc ium t o  
phosphorus r a t i o  and cond i t i ons  promoting an a l k a l i n e  ur ine.  Since t h a t  time, c a t t l e  and sheep feeders have been 
admonished t o  use phosphorus supplements spa r ing l y  i f  a t  a l l  w i t h  h igh-concent ra te  d i e t s  and t o  increase d i e t a r y  
ca lc ium t o  achieve a r a t i o  of 1.5 t o  2 p a r t s  ca lc ium t o  1 p a r t  phosphorus. Th i s  w ide ly  disseminated 
recomnendation has been ins t rumenta l  i n  reducing t h i s  once c o s t l y  n u t r i t i o n a l  disease t o  o n l y  an occasional  
occurrence i n  the  n a t i o n 1 s  feed lo ts .  
Dur ing t h i s  time, t he  p a r a l l e l  problem o f  s i l i c a  u r i n a r y  c a l c u l i  i n  range c a t t l e  and sheep remained 
unresolved and loss  o f  c a t t l e  and sheep from s i l i c a  u r i n a r y  c a l c u l i  i s  a r e c u r r i n g  problem f o r  many ranchers o f  
South Dakota and t h e i r  counterpar ts  i n  o ther  western range s t a t e s  and Canada. I n  many areas, t he  presence o f  
s i l i c a  k idney depos i ts  i n  graz ing animals i s  considered the norm ra the r  than t h e  except ion and many ranchers 
accept losses o f  l i v e s t o c k  from u r i n a r y  blockage as an unavoidable business cost.  
U h i l e  most Losses occur i n  males ra i sed  under range condi t ions,  t he  s i l i c a  type o f  u r i n a r y  c a l c u l i .  sometimes 
occurs i n  animals conf ined t o  d r y l o t .  Most no tab le  o f  these are  sheep o r  calves fed d i e t s  c o n s i s t i n g  main ly  o f  
oats  and grass hay. S i l i c a  content of  range grass may exceed P'X on a d r y  bas is  a t  ma tu r i t y .  Oat g r a i n  conta ins  
approximately 3% s i l i c a  wh i l e  straw o f  oats, wheat o r  ba r ley  has a h igher  s i l i c a  content.  Otherwise, t he re  are  
very  few comnon feeds p rov id ing  s i l i c a  l eve l s  adequate t o  promote s i l i c a  u r i n a r y  c a l c u l i .  
Concentrated research e f f o r t s  by the  author and co-workers and a survey o f  p e r t i n e n t  l i t e r a t u r e  have resu l ted  
i n  percept ions o f  feed ing and management p rac t i ces  t h a t  may reduce the  incidence o f  s i l i c a  u r i n a r y  c a l c u l i .  
Although the  observat ions on which these percept ions a re  based are  main ly  f rom s tud ies  w i t h  Laboratory animals and 
Laboratory chemical react ions,  they represent bas ic  p r i n c i p l e s  t h a t  a re  be l i eved  t o  be app l i cab le  t o  c a t t l e  and 
sheep, and they t r a n s l a t e  i n t o  sound feeding and management p rac t i ces  f o r  producers whether o r  no t  losses from 
s i l i c a  u r i n a r y  c a l c u l i  have been considered a problem. 
1 
Professor o f  Chemistry. 
Factors i n  S i l i c a  Ur inary Calcu l i  Formation 
---
Urinary  s i l i c a  concentrations. Because of the high s i l i c a  content of range grasses, oats and straw, the 
rumen d iges t i ve  f l u i d  of animals consuming these feeds i s  saturated wi th  s i l i c a .  Amounts of s i l i c a  absorbed and 
subsequently excreted i n  the u r ine  under these condit ions are o f ten  adequate f o r  c a l c u l i  formation and become even 
higher i f  water in take i s  reduced because o f  freezing, poor water q u a l i t y  or winter storms or i f  the water i s  not 
read i l y  accessible. 
S i l i c a  polymerization. Polymerization re fe rs  t o  the combining of molecules t o  form increasingly  Larger 
molecules. At excessively high s i l i c a  concentrations under experimental condit ions, s i l i c a  polymerizat ion 
proceeds t o  the point  tha t  i t  forms a gel not u n l i k e  that  of ge lat in .  The r a t e  of s i l i c a  polymerizat ion i n  
so lu t ion  var ies wi th  the square of i t s  concentration. This means that  as the concentrat ion doubled the r a t e  of 
polymerizat ion increased four fo ld .  
S i l i c a  polymerizat ion i s  a lso inf luenced by the concentrat ion of s a l t s  known as e lec t ro ly tes .  Thus, the 
concentrat ions o f  almost a l l  u r ina ry  const i tuents are important t o  the formation o f  s i l i c a  u r ina ry  c a l c u l i .  
S i l i c a  polymerizat ion occurs over the f u l l  range o f  pH values occurr ing i n  u r ine  (pH i s  a measure o f  the 
degree o f  a c i d i t y  or a l k a l i n i t y ) .  The type o f  p a r t i c l e  formed may d i f f e r  depending on the pH of the so lut ion.  At 
an a l k a l i n e  pH, condi t ions favor the growth o f  ind iv idual  p o l y s i l i c a  par t i c les .  At ac id  pH values, condit ions 
favor growth by combining ind iv idua l  p a r t i c l e s  i n t o  aggregates. However, s i l i c a  u r ina ry  c a l c u l i  do not normally 
consist of pure s i l i c a .  I n  add i t i on  t o  s i l i c a ,  they conta in important amounts o f  organic matr ix  mater ia ls  high i n  
p ro te in  content. 
Formation of inso l l rb le  p r o t e i n - p o l y s i l i c a  conplexes. Intermediate s i z e  molecules of polymerized s i l i c a  are 
capable of react ing wi th  proteins, e f f e c t i v e l y  Linking p ro te in  molecules together i n t o  Larger inso lub le  complexes 
that  p r e c i p i t a t e  from the so lu t ion  i n  which they were formed. This react ion has been shown t o  occur wi th  a wide 
v a r i e t y  o f  proteins, inc lud ing those normally present i n  ur ine. This i s  bel ieved t o  be the mechanism whereby 
combinations o f  s i l i c a  and p r o t e i n  are deposited as u r ina ry  c a l c u l i .  
Factors i n  the Prevention o f  S i l i c a  Ur inary Calcu l i  
--- 
Increases in u r i n e  volune. Increases i n  water intake, general ly i n  response t o  the feeding o f  high Levels of 
s a l t ,  have been used by some researchers t o  increase u r ine  volume. This r e s u l t s  i n  a d i l u t i o n  of the u r ina ry  
s i l i c a  concentrat ion and a reduct ion i n  the r a t e  of s i l i c a  polymerization. At t h i s  time, t h i s  i s  the only  method 
o f  s i l i c a  u r ina ry  c a l c u l i  prevention t h a t  has been proven t o  be somewhat e f f e c t i v e  i n  experiments wi th  ca t t l e ,  
although impract ica l  f o r  widespread use under range condit ions. 
Sqplemental d i e t a r y  phosphate and u r i n e  ac id i f i ca t ion .  Recently, a model system u t i l i z i n g  Laboratory ra ts  
has been used by the author and co-workers t o  i d e n t i f y  d ie ta ry  factors  tha t  prevent or i n t e n s i f y  s i l i c a  u r ina ry  
c a l c u l i  formation. From these studies, supplemental d i e t a r y  phosphate and u r ina ry  a c i d i f y i n g  s a l t s  have emerged 
as p r i n c i p a l  measures o f  prevention. On the other hand, supplemental calcium and u r ina ry  a l k a l i z i n g  s a l t s  
increased s i l i c a  c a l c u l i  incidence. I n  addit ion, i t  was observed that  phosphates and u r ina ry  a c i d i f y i n g  s a l t s  
combined had a t o t a l  e f f e c t  greater than the use of t h e i r  independent e f f e c t s  (a synergism). I n  subsequent 
Laboratory studies, phosphate i n  so lut ions of p a r t i a l l y  polymerized s i l i c a  and u r ina ry  prote ins was found t o  
i n t e r f e r e  wi th  formation of the insoluble protein-polymeric s i l i c a  complex described above. This e f f e c t  of 
phosphate was most pronounced i n  s l i g h t l y  ac id ic  solut ions. Phosphate i s  bel ieved t o  act by b lock ing react ive 
s i t e s  on the prote in ,  preventing c ross - l i nk ing  with s i l i c a .  
Uh i le  these p r i n c i p l e s  have not yet been appl ied t o  c a t t l e  and sheep, range forages are o f ten  suboptimum i n  
phosphorus content, but they general ly supply adequate quan t i t i es  of calcium. Thus, the imp l i ca t ion  o f  phosphates 
i n  the prevention of s i l i c a  u r i n a r y  c a l c u l i  should not be ignored i n  attempts t o  minimize s i l i c a  u r ina ry  c a l c u l i  
i n  c a t t l e  and sheep. 
Recomnendations 
Recomnendations tha t  can be made a t  t h i s  time are rather  l i m i t e d  i n  scope due t o  lack of t e s t i n g  of some of 
the preventat ive measures with c a t t l e  and sheep. However, some general izat ions can be made that  are i n  accordance 
w i th  good management pract ices whether o r  not a producer has experienced losses from s i l i c a  u r ina ry  c a l c u l i .  
The need f o r  maintaining an e a s i l y  accessible source of high q u a l i t y  d r ink ing  water a t  a l l  times cannot be 
overemphasized and t h i s  should be the f i r s t  step i n  a c a l c u l i  prevention program. Secondly, assure that  the 
n u t r i t i o n a l  phosphorus needs o f  the animals have been met. This may be achieved through use o f  a mineral mixture 
designed f o r  range feeding of c a t t l e  and sheep. The mineral mix f o r  use under these condi t ions should have a 
phosphorus content equal o r  exceeding the calcium content. Ratios of .7 o r  1 par t  calcium t o  1 p a r t  of phosphorus 
appear appropriate. CAUTION: Pending f u r t h e r  research, the use o f  higher concentrat ions o f  phosphorus should be 
approached w i th  caut ion because o f  the c lose p rox im i ty  between Levels tha t  may i n h i b i t  s i l i c a  u r i n a r y  c a l c u l i  and 
those k m  t o  cause phosphatic u r i n a r y  c a l c u l i  in a n i m l s  excret ing a l k a l i n e  u r i n e  (See Great P la ins  Beef C a t t l e  
Handbook Fact Sheet 3451 e n t i t l e d  Ur ina ry  Ca lcu l i  in C a t t l e  and Sheep). 
Meeting the phosphorus requirement should be a primary goal. However, con t r ibu t ing  a c i d i t y  t o  the u r ine  may 
a lso  be achieved by use o f  phosphorus sources having acid-forming potent ia ls .  Monosodium phosphate (NaH PO .H 0) 
2. 4 Z 
and monocalcium phosphate (Ca(H PO ) .2H 0)  are examples o f  sources having t h i s  po ten t ia l .  The mineral mix w i l l  
o f ten  be provided f r e e  choice. 2Hoie$er,2 creep feeding of calves or Lambs provides an add i t i ona l  oppor tun i ty  t o  
assure adequate phosphorus intake. I n  addit ion, the feed provided i n  a creep feeder can be used as a c a r r i e r  f o r  
amnonium chlor ide,  used f o r  u r ine  a c i d i f i c a t i o n ,  a t  a leve l  prov id ing a d a i l y  in take not exceeding 1.5 oz per head 
f o r  calves o r  .25 oz f o r  Lambs. Sa l t  (sodium chlor ide)  may be added t o  L imi t  feed in take and increase water 
consumption (See Great P la ins Beef C a t t l e  Handbook Fact Sheet 1950 e n t i t l e d  L im i t ing  Feed Intake wi th  Sal t ) .  
Grains probably provide adequate levels  of phosphorus but requi re calcium supplementation t o  meet the 
requirements of calves and lambs. However, when oats cons t i tu te  a higher percentage o f  the d i e t ,  i t  may be 
important t o  avoid an excess o f  calcium and use o f  other u r ina ry  a l k a l i z i n g  s a l t s  such as sodium bicarbonate. 
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LIMIT-FED, HIGH ENERGY DIETS FOR 
GROWING CATTLE 
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L imi t - fed,  h igh energy (57 Mcal per cwt d r y  matter) d i e t s  were compared t o  f u l l - f e d ,  Low energy (46 Mcal per 
cwt d r y  matter) corn s i l a g e  and a l f a l f a  hay d iets .  Feed conversions were 5.68 and 5.78 Lb o f  d r y  matter per Lb o f  
ga in f o r  the L im i t - fed  s i l a g e  and a l f a l f a  d i e t s  vs 6.86 and 7.45 l b  o f  d r y  matter per l b  o f  ga in  f o r  the f u l l - f e d  
s i l a g e  and a l f a l f a  hay d iets ,  respect ively. Break-even roughage p r i ces  were ca lcu lated from feed e f f i c i e n c y  and 
r a t i o n  cost information. I f  corn i s  valued t o  the bunk a t  31.50 per bushel and soybean meal i s  worth $200 per 
ton, l i m i t  feeding i s  more economical than f u l l  feeding i f  corn s i l age  and a l f a l f a  hay cost more than 816.73 and 
$47.70 per ton  t o  the bunk. 
(Key Words: L i m i t  Feeding, Growing Programs, Corn Silage, A l f a l f a  Hay.) 
In t roduc t ion  
Backgrounding o r  feedlot  growing programs are designed t o  L imi t  the gain o f  L ight  c a t t l e ,  enabl ing them t o  
grow frame p r i o r  to-  f u l l  feeding o f  a high energy f i n i s h i n g  d ie t .  T rad i t i ona l l y ,  h igh roughage, Low energy d i e t s  
have been used t o  grow Light c a t t l e .  These d i e t s  are f u l l  fed and L imi t  ga in due t o  t h e i r  Lower energy density.  
Roughage i s  usua l l y  the most expensive energy source i n  the d ie t .  L i m i t  feeding h igh energy d i e t s  f o r  Light 
c a t t l e  i s  based on the premise tha t  g ra in  i s  usual ly  cheaper per u n i t  o f  energy than roughage. Therefore, l i m i t  
feeding high energy d i e t s  may decrease cost o f . g a i n  when g ra in  i s  p r i ced  r e l a t i v e l y  cheap and roughage r e l a t i v e l y  
high. 
I n  order t o  more p rec ise ly  describe the economics o f  l i m i t  feeding, r e l i a b l e  estimates o f  feed e f f i c i e n c y  and 
feedlot  performance are needed. The object ives o f  t h i s  research were t o  (1) compare performance o f  l i m i t - f e d  and 
f u l l - f e d  c a t t l e  dur ing the growing phase, (2) compare corn s i l age  and a l f a l f a  hay as roughage sources i n  L im i t - fed  
d i e t s  and (3) use performance data t o  study the economics o f  L imi t  feeding. 
Mater ia ls  and Methods 
One hundred n inety- two preconditioned Angus s teer  calves were purchased from western South Dakota and 
transported t o  the  Southeast South Dakota Experiment Farm near Beresford. C a t t l e  were placed on a 3-week s t a r t e r  
program p r i o r  t o  L im i t  feeding. C a t t l e  were weighed, implanted wi th  Synovex-S, s t r a t i f i e d  by weight and a l l o t t e d  
t o  four  experimental treatments ( t a b l e  1)  with s i x  pens per treatment. 
At the s t a r t  o f  the L imi t  feeding study, steers fed the corn s i l age  d i e t s  were fed d i e t  3 f o r  5 days. 
Steers fed the a l f a l f a  hay d i e t  were fed d i e t  4 f o r  5 days. During the next 7 days, L i m i t - f e d  s teers were fed a 
d i e t  wi th  moderate roughage leve ls  (50.3% s i lage  o r  31.0% a l f a l f a  hay on a d r y  matter basis).  This step-up per iod 
allowed the c a t t l e  t o  become accustomed t o  the l im i t - feed ing  regimen. 
F u l l - f e d  c a t t l e  were allowed t o  consume t h e i r  feed ad Libitum. L i m i t - f e d  c a t t l e  were o f fe red  d i e t s  1 and 2 
i n  amounts computed t o  enable the c a t t l e  t o  grow a t  2.25 Lb per head per day. Each week the L i m i t - f e d  c a t t l e  were 
assumed t o  have grown 16 Lb and d a i l y  feed in take was increased accordingly. On days when the wind c h i l l  was 
between 0 and 20 F, -20 and 0 F o r  Less than -20 F a t  8 am, the d a i l y  feed allowance was increased by 10, 20 o r  
30%, respect ively. During the 96-day t r i a l ,  c a t t l e  were weighed i n i t i a l l y  and a t  14-day i n t e r v a l s  fo l l ow ing  a 
16-hour withdrawal from feed. 
'Assistant Professor. 
'Northeast Nebraska Research and Extension Center, Un ive rs i t y  o f  Nebraska, Concord. 
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TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS 
I tem 
Limit - f ed Full-fed 
Corn Corn 
silage (1) Alfalfa (2) silage (3) Alfalfa (4) 
a Ingredient 
Corn silage 
Alfalfa hay 
High moisture corn 
Supplement 
Soybean meal 
Ground corn 
Dehy alfalfa 
Dicalcium phosphate 
Limes tone 
Trace mineral salt 
Vitamin A-30 
Compos'tion 6 NEmc 
NEg 
Crude protein 
Potassium 
Calcium 
Phosphorus 
Dry matter 
a Percentage of dry matter. 
Net energy for maintenance, Mcal per cwt dry matter. 
C Net energy for gain, Mcal per cwt dry matter. 
Results and Discussion 
--
Performance of  c a t t l e  during the growing phase i s  displayed i n  tab le  2. Dif ferences i n  average d a i l y  gain 
between the l i m i t - f e d  corn s i lage  and the f u l l - f e d  treatments were not s ign i f i can t .  Ca t t le  fed the L imi t - fed 
a l f a l f a  hay d i e t  gained Less weight than c a t t l e  fed the other treatments. F i l l  d i f ferences may account f o r  th is ,  
since these c a t t l e  received less d ry  matter and less t o t a l  feed than the other treatments. A L L  c a t t l e  gained 
s i g n i f i c a n t l y  more than the projected 2.25 l b  per head per day. This may be due t o  underestimating the energy 
content o f  the d iets .  Also, adjustments made f o r  intake due t o  inc l imate weather may have been too Large. 
By design o f  the experiment, l i m i t - f e d  c a t t l e  consumed Less d ry  matter than f u l l - f e d  c a t t l e  (14.55 vs 19.37 
Lb per head da i l y ) .  Ca t t l e  consuming the f u l l - f e d  a l f a l f a  d i e t  consumed more d r y  matter than the f u l l - f e d  corn 
s i lage  c a t t l e  (20.49 vs 18.25 l b  per head da i l y ) .  
As expected, feed/gain was improved by Limit feeding. L im i t - f ed  c a t t l e  required approximately 5.73 Lb d ry  
matter per Lb of  gain compared t o  7.16 f o r  the f u l l - f e d  cat t le .  High energy d i e t s  general ly cost more per cwt d ry  
matter than h igh roughage d iets .  For l i m i t  feeding t o  be economical, the improvement i n  feed e f f i c i ency  must pay 
fo r  higher r a t i o n  costs. Solving the fo l lowing equation provides estimates of  the break-even s i lage  and a l f a l f a  
pr ices f o r  l i m i t  feeding versus f u l l  feeding: 
Ration cost (Limit)*F/G ( l i m i t )  = r a t i on  cost ( ful l )*F/G ( f u l l )  
TABLE 2 .  PERFORMANCE OF CATTLE DURING THE GROWING PHASE 
a I tem 
D i e t  
L imi t  - f e d  F u l l - f e d  
Corn s i l a g e  A l f a l f a  Corn s i l a g e  A l f a l f a  
I n i t i a l  w t ,  l b  552 552 556 552 
ADG, l b  2 .  64b 2.44; 2 .66 2. 75c 
F/G 5 .  68b 5 .  78b 6.86: 7 .  45d 
DMI, l b /  15 .00  14 .10  18 .25  20.49 
a ADG = ave rage  d a i l y  g a i n ,  F/G - f e e d  t o  g a i n  r a t i o ,  D M 1  = d a i l y  d r y  m a t t e r  
in%% ; d  Means i n  same row w i t h  u n l i k e  s u p e r s c r i p t s  d i f f e r  (PC.05) .  
Table 3 shows break-even roughage p r i ces  i n  tabular  form. I f  roughage costs are above those Listed, feed 
costs favor  l i m i t  feeding. I f  roughage costs are below those Listed, feed costs favor f u l l  feeding. I f  corn i s  
$1.50 per bushel t o  the  bunk and soybean meal i s  8200 per ton, the break-even p r i c e  f o r  corn s i l a g e  i s  $16.73 and 
f o r  a l f a l f a  hay i s  $57.80 per ton. 
S BM 
p r i c e  b Corn p r i c e .  $ / b u s h e l  ($ / ton> Roughage 1 .00  1 .50  2.00 2 .50 
CS 11 .83  15 .40  19 .04  22 .61  
ALF 36.26 36 .61  36.96 37 .31  
200 C S 13.16 16 .73  20.37 23.94 
ALF 47.34 47.70 48.05 48.40 
250 C S 14 .49  18 .06  21.70 25.27 
ALF 58.61 58.96 59 .31  59.66 
a Assumes c o r n  s i l a g e  h a s  35% d r y  m a t t e r  and a l f a l f a  hay h a s  88% d r y  m a t t e r  
andb14% c rude  p r o t e i n .  
CS = c o r n  s i l a g e ,  ALF - a l f a l f a  hay.  
C a t t l e  were f in i shed  as ou t l i ned  i n  a r t i c l e  Ca t t le  87-7 o f  t h i s  report. Table 4 shows the f i n i s h i n g  
performance o f  c a t t l e  tha t  were L im i t - fed  during the growing phase versus c a t t l e  tha t  were f u l l - f e d .  During the 
f i r s t  14 and 28 days o f  the  f i n i s h i n g  period, l i m i t - f e d  c a t t l e  had Lower d r y  matter in take than f u l l - f e d  ca t t le ,  
but overa l l  intakes were s i m i l a r  f o r  both groups. Average d a i l y  gain, feed conversion and carcass t r a i t s  were 
s i m i l a r  f o r  L i m i t - f e d  vs f u l l - f e d  c a t t l e  dur ing the f i n i s h i n g  phase. 
L i m i t  feeding appears t o  be a v iab le  opt ion f o r  c a t t l e  feeders t o  consider. Careful  analys is  o f  feed costs 
considering corn, roughage and supplement p r i ces  as wel l  as r e l i a b l e  estimates o f  feed e f f i c i e n c y  are absolutely 
essent ia l  t o  determine which management scheme i s  most economical. 
TABLE 4. PERFORMANCE OF CATTLE DURING THE FINISHING PHASE 
Treatment 
a Item Limit-fed Full-fed 
DM1 14. 1bb 
DM1 28, lb 
DMI, lb 
ADG, lb 
F/G C 
Quality grade 
Yield grade 
Dressing percent 
Shrink, % 
Days on feed 
a DM1 14, DM1 28 and DM1 - average daily dry matter intake 
first 14 days, first 28 days and entire trial, respectively; 
ADGb- average daily gain, F/G = feed to gain ratio. 
C 
P<.07. 
2 - choice, 3 - good. 
Poten t ia l  d i f ferences i n  nonfeed costs must a lso be considered. L im i t  feeding requires a higher degree of 
management than t r a d i t i o n a l  high roughage growing programs. L im i t - fed  c a t t l e  are always hungrier than f u l l - f e d  
c a t t l e  and may be more susceptible t o  acidosis and b loat  problems. Addit ional bunk space may be needed t o  enable 
a l l  c a t t l e  t o  eat t h e i r  required rat ion.  Feeding two times d a i l y  2 hours apart (i.e., 9 and 11 am) may a l l e v i a t e  
, 
bunk space shortage. 
UREA, CDRN GLUTEN MEAL OR SOYBEAN MEAL AS SUPPLEMENTAL CRUDE PROTEIN 
SOURCES FOR FEEDLOT STEERS LIMIT-FED HIGH ENERGY GROUING DIETS 
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CATTLE 87-5 
- Sumnary 
Urea, corn g lu ten  meal and soybean meal were compared as supplemental crude p r o t e i n  sources f o r  growing 
steers fed l i m i t e d  amounts o f  a high energy d ie t .  In teract ions between leve l  o f  urea and na tu ra l  p r o t e i n  source 
were not  s i g n i f i c a n t ,  i n d i c a t i n g  tha t  source o f  natura l  p r o t e i n  d i d  not in f luence urea u t i l i z a t i o n .  Level o f  urea 
and source o f  na tu ra l  p r o t e i n  d i d  not a f f e c t  average d a i l y  gain. These data ind ica te  tha t  up t o  1% o f  d i e t  'dry 
matter as urea can be e f f e c t i v e l y  u t i l i z e d  by L im i t - fed  ca t t le .  
(Key Words: L i m i t  Feeding, Urea, Corn Gluten Meal, Soybean Meal.) 
In t roduct ion 
Calves are t r a d i t i o n a l l y  grown on low energy, high roughage d iets .  Low energy a v a i l a b i l i t y  i n  the rumen 
prevents urea from being e f f e c t i v e l y  u t i l i z e d .  
L i m i t  feeding h igh concentrate d i e t s  a l t e r s  rumen condit ions and funct ion. Greater ava i lab le  energy i n  the 
runen may support greater u t i l i z a t i o n  o f  urea. I n  addit ion, r a t e  o f  passage o f  mater ia l  through the r m n  may be 
slowed. This may r e s u l t  i n  increased ruminal degradation o f  d i e t a r y  protein, reducing the  f low o f  p r o t e i n  from 
the  rumen t o  the  Lower d iges t i ve  system. 
Corn g lu ten  meal i s  a by-product o f  the corn m i l l i n g  industry. As a p r o t e i n  source, i t  has been shown t o  
undergo Less ruminal degradation than soybean meal. About 65% o f  the p r o t e i n  i n  corn g lu ten  meal escapes ruminal 
degradation compared t o  35% o f  the p r o t e i n  i n  soybean meal. C a t t l e  fed corn g lu ten  meal as a source o f  
supplemental p r o t e i n  may be capable o f  e f f e c t i v e l y  u t i l i z i n g  more urea than c a t t l e  fed soybean meal because o f  the 
reduced rumen degradable n i t rogen component. Ult imately, combinations o f  corn g lu ten  meal and urea may reduce the 
t o t a l  supplemental p r o t e i n  required by l i m i t - f e d  ca t t le .  
The object ives o f  t h i s  research were t o  determine i f  urea could be e f f e c t i v e l y  u t i l i z e d  by c a t t l e  tha t  were 
l i m i t - f e d  h igh energy d i e t s  and t o  compare corn g lu ten meal and soybean meal as sources o f  supplemental natura l  
p r o t e i n  i n  L i m i t - f e d  d ie ts .  
Mater ia ls  and Methods 
One hundred twenty-eight Angus steers tha t  had been on a 28-day receiv ing program were L i m i t - f e d  a high 
energy d i e t  ( t a b l e  1) f o r  91 days. C a t t l e  were a l l  fed the same amount o f  d ry  matter. D a i l y  feed al lotment was 
designed t o  a l low 2.25 l b  average d a i l y  gain. 
P ro te in  percentage o f  the d i e t  was 12.01% ( tab le  2). Average d a i l y  d r y  matter in take by the c a t t l e  was 
13.53 lb. Total p r o t e i n  in take by the c a t t l e  was 1.62 Lb. D a i l y  p r o t e i n  required by medium framed steer  calves 
gaining a t  2.25 l b  per head per d a y  i s  1.70 Lb per head per day (NRC, 1984). By feeding a Level o f  p r o t e i n  Lower 
than tha t  required, d i f ferences i n  c a t t l e  performance should r e f l e c t  d i f ferences i n  p r o t e i n  u t i l i z a t i o n .  
'Assistant Professor. 
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TABLE 1. DIET FED TO STEERS 
Ingredient hounta 
High moisture corn 
Corn silage 
Supplement 
a Percentage, dry matter basis. 
TABLE 2. NUTRIENT COMPOSITION OF DIET 
FED TO STEERS 
Item Amount 
a Net energy ga&n 
Crude pgotein 
Calcium 
~hos~horus" 
C Vitamin A 
a Mcal per cwt dry matter. 
Percentage of dry matter. 
C XU per lb of dry matter. 
C a t t l e  ue re  f e d  combinations of  f i v e  p r o t e i n  supplements ( t a b l e  3). Supplements contained va r i ous  amounts of  
soybean meal, c o r n  g l u t e n  meal and urea. ALL supplements uere  formulated t o  c o n t a i n  equal crude p ro te in ,  c a l c i m  
and phosphorus ( t a b l e  4). Supplements uere  f e d  i n  an arrangement t h a t  p rov ided f o u r  l e v e l s  o f  urea, 0, .33, .67 
and 1.00% o f  d r y  ma t te r  corresponding t o  0, 24.49, 48.99 and 73.4n o f  supplemental crude p r o t e i n  from urea, 
r e s p e c t i v e l y  ( t a b l e  5 ) .  Corn g l u t e n  meal prov ided from 0 t o  93.44% of  supplemental crude p r o t e i n  and soybean meal 
p rov ided  from 0 t o  98.85% o f  supplemental crude p ro te in .  The combinations o f  co rn  g l u t e n  meal and soybean meal 
uere  such t h a t  approximately 0, 33, 67 and 100% of t he  supplemental n a t u r a l  crude p r o t e i n  was f rom soybean meal 
and the  balance was f rom corn  and co rn  g l u t e n  meal. 
Su~p lemen t  
Ing red ien t  1 2 3 4 5 
Corn g l u t e n  meal b 
Soybean meal 
Ground corn 
Urea 
Dicalcium phosphate 
Limes tone 
C Trace mineral  s a l t  
Beet molasses 
Rumensin 60 
Vitamin A-30 
a Percentage of supplement dry  ma t t e r .  
Corn g l u t e n  meal was 60% crude p r o t e i n  on a dry ma t t e r  b a s i s .  
C Composition, minimum percentage ,  NaCl 96 .0 ,  Zn .350, Mn .209,  Fe .200, 
Mg .150,  Cu .030,  I .007, Co .005. 
TABLE 4 .  NUTRIENT COMPOSITION OF SUPPLEMENTS 
I tem Amount 
a N e t e n e r g y  g%n 
Crude p o t e i n  
Calcium 5 
Phosphorus b 
a Mcal pe r  cwt supplement dry  ma t t e r .  
Percentage of supplement dry ma t t e r .  
Data uere analyzed as a completely randomized design w i th  a 4 x 4 f a c t o r i a l  arrangement o f  treatments. Each 
treatment combinat ion cons is ted o f  e i g h t  steers.  I n d i v i d u a l  s tee rs  uere used as t h e  experimental  u n i t s .  ALL 
s tee rs  were assumed t o  consume t h e  same amount o f  feed. Cumulative net  energy f o r  g a i n  i n take  uas used as a 
c o - v a r i a t e  i n  t h e  ana lys is .  Th is  was intended t o  compensate f o r  p o t e n t i a l  grouth d i f f e rences  due t o  treatments. 
I f  t h e  imposed treatments r e s u l t e d  i n  d i f f e r e n t  grouth ra tes ,  t h e  f a s t e r  ga in ing c a t t l e  would have a h igher  
maintenance requirement and would have been fed  Less energy f o r  ga in  than slower ga in ing  c a t t l e .  
Level of urea b 
Supple- Protei 
C 
ment source 0 .33 .67 1.00 a 
Urea 0 24.49 48.99 73.47 
Corn 0 6.27 12.54 18.81 
CGM 0 0 0 0 
S BM 98.85 65.08 33.49 1.91 
Urea 0 24.49 48.99 73.47 
Corn 1.94 7.58 13.21 18.85 
CGM 31.38 21.13 10.87 .62 
S BM 66.25 43.62 22.45 1.28 
Urea 0 24.49 48.99 73.47 
Corn 4.13 9.05 13.97 18.89 
CGM 62.28 41.94 21.58 1.23 
S BM 33.00 21.73 11.18 .64 
Urea 0 24.49 48.99 73.47 
Corn 6.21 10.45 14.69 18.93 
CGM 93.44 62.91 32.38 1.85 
S BM 0 0 0 0 
a Percentage of supplemental protein. 
Percentage o f  dry matter. 
C 
d From table 3. CGM = Corn gluten meal, SBM = Soybean meal. 
Results and Discussion 
--
No i n t e r a c t i o n s  between l e v e l  o f  urea and n a t u r a l  p r o t e i n  source were evident,  i n d i c a t i n g  t h a t  source of  
n a t u r a l  p r o t e i n  d i d  n o t  i n f l uence  the  u t i l i z a t i o n  o f  urea. Therefore, o n l y  main e f f e c t s  o f  l e v e l  o f  urea and 
p r o t e i n  supplement are  shown ( tab les  6 and 7). 
Level o f  urea d i d  n o t  i n f l uence  average d a i l y  ga in  a t  28 days o r  f o r  t he  e n t i r e  t r i a l .  Average d a i l y  ga in  
tended t o  be h ighe r  f o r  c a t t l e  f ed  supplements conta in ing both soybean meal and corn  g l u t e n  meal (supplements 2 
and 3). These d i f f e rences  were no t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  however. 
Performance by a l l  c a t t l e  was s i g n i f i c a n t l y  greater  than the  p ro jec ted  2.25 l b  per head per day. An 
extremely m i l d  w in te r  may have con t r i bu ted  t o  t h i s  outstanding performance. 
L i m i t - f e d  c a t t l e  appear capable o f  u t i l i z i n g  urea up t o  1% o f  d i e t  d r y  matter.  Replacing soybean meal w i t h  
corn  g l u t e n  meal d i d  not  improve performance o f  steers,  i n d i c a t i n g  no advantage t o  feed ing a  h igh  "escape1I 
p ro te in .  
TABLE .6. EFFECT OF UREA LEVEL ON PERFORMANCE 
a Urea 
b I tem 0 .33 .67 1.00 s EM' 
Initial wt, lb 585 599 580 576 12.89 
ADG 28 2.51 2.45 2.61 2.33 .14 
ADG 2.75 2.70 2.79 2.72 .09 
F/G 28 4.87 4.96 4.72 5.23 .33 
F/G 4.91 4.95 4.87 4.93 .20 
a Percentage of diet dry matter. 
ADG - average daily gain, F/G - feed/gain. 
C Standard error of the mean. 
TABLE 7. EFFECT OF NATURAL PROTEIN SOURCE ON PERFORMANCE 
b I tem 
a Supplement 
' Initialwt, lb ' 5 97 581 573 589 12.89 
ADG 28 2.20 2.72 2.60 2.37 .14 
ADG 2.58 2.79 2.91 2.68 .09 
F/G 28 5.48 4.48 4.. 61 5.22 .33 
F/G 5.20 4.82 4.62 5.00 .20 
a Percentage of supplemental natural crude protein from soybean meal. 
Remaining supplemental natural protein provided by corn gluten meal and 
corg. 
ADG - average daily gain, F/G - feed/gain. 
C Standard error of the mean. 
OPTIWUl LEVELS OF DIETARY CRU)E PROTEIN AND WNENSIN FOR 
STEER CALMS ON LIMIT-FED, HIGH CONCENTRATE DIETS 
1 2 
M. L. S ip , R. H. Pr i tchard and M. L. Robbins 3 
Department of  Animal and Range Sciences 
BEEF REPORT CATTLE 87-6 
One hundred ninety-two Angus and Angus x Limousin calves (611 Lb) were randomly a l l o t t e d  t o  one o f  four  
Levels of  crude p ro te i n  in take and three dosages of  monensin i n  an 80% concentrate d ie t .  Intake of  the complete 
d i e t  was r e s t r i c t e d  t o  a l low 2.2 Lb average d a i l y  gain over an 86-day period. Crude p ro te i n  was fed a t  90, 100, 
110 o r  120% o f  the gram d a i l y  requirement described by NRC. Monensin was fed a t  120, 180 o r  240 mg/head/day. 
Each 10% increase i n  d i e t a r y  crude p ro te in  caused a -13 Lb increase i n  ADG, a .34 u n i t  improvement i n  feed 
e f f i c i ency  and .90 mg/dl increase i n  plasma urea n i t rogen (P*.001). Increasing monensin from 120 t o  
180 mg/head/day improved ADG .19 l b  per day and feed/gain .56 u n i t s  (P*.01). There was no add i t iona l  response t o  
feeding monensin a t  240 mg/head/day. 
(Key Words: L im i t  Feeding, Crude Protein, Monensin, ADG, Feed Ef f ic iency,  Steer Calves.) 
In t roduct ion 
Present growing programs f o r  c a t t l e  u t i  1 i z e  forages as the main d ie ta ry  ingredient.  Drawbacks associated 
wi th t h i s  type o f  program include a complication of  feed handling, high r e l a t i v e  cost per u n i t  o f  energy contained 
i n  the forages and seasonal ava i l ab i l i t y .  By feeding r es t r i c t ed  Levels o f  high concentrate d iets ,  some of  these 
management problems may be eliminated, reducing production costs and al lowing f o r  more accurate performance 
p red i c t ab i l i t y .  
L imi ted feeding may cause decreased microbia l  growth r a te  and possib ly  increased runinal  proteolysis. These 
changes may cause actual  p ro te i n  requirements t o  d i f f e r  from those establ ished by the NRC. It i s  unclear what 
Level o f  monensin maximizes performance under condit ions of r es t r i c t ed  feeding. The Levels (g/ton) establ ished 
f o r  monensin are based on ad l i b i t u m  intake. L im i t  feeding would Lead t o  discrepancies between g/ton and 
mg/head/day dosages cur ren t l y  r e l i e d  upon. 
The object ives o f  t h i s  study were t o  determine optimun levels  of  d ie ta ry  crude p ro te i n  and monensin i n  a high 
concentrate d i e t  fed  t o  steer calves when intake was res t r i c t ed  t o  contro l  growth rate. 
Materials and Methods 
The steers were vaccinated f o r  IBR, BVD, P I  RSV, Haemophilus somnus, 7-way c l o s t r i d i a  and t reated f o r  3' 
paras i tes upon feedlot  a r r i v a l  5 weeks before the t r i a l  was i n i t i a t ed .  The steers were maintained during t h i s  
receiv ing per iod on a corn s i lage  d ie t .  
The steers were s t r a t i f i e d  by i n i t i a l  weight (x 611 Lb) and a l l o t t e d  t o  24 pens o f  e ight  head each. The 
d i e t s  were 80% concentrate ( tab les 1 t o  3) and were fed t o  al low f o r  2.2 lb/day ADG, based on the estimated mean 
per iod weight o f  the c a t t l e  and NE equations f o r  maintenance and gain. The t r i a l  consisted of  three 28-day 
periods. 
Treatments represented 90 (90-CPR), 100 (100-CPR), 110 (110-CPR) and 120% (120-CPR) o f  the d a i l y  crude 
p ro te in  requirement i n  grams derived from the NRC fac to r i a l  equation f o r  p red ic t ing  crude p ro te in  requirements. 
Dry matter and crude p ro te in  intakes were adjusted every 28 days f o r  the projected mean weight o f  the steers f o r  
l ~ r a d u a t e  Research Assistant. 
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3Manager, Beef Ca t t l e  and Sheep N u t r i t i o n  Unit .  
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the fol lowing 4-week period. This resulted i n  more feed being of fered to  the faster  gaining steers. However, 
feed del ivery was not increased u n t i l  a f t e r  gain responses uere measured. To make these projections, individual 
steer weights uere taken a t  14-day intervals  during the 84-day feeding period. 
Item 90' - CPR 1.00 - CPR 110-CPR 120 - CPR 
Hay 20.00 20.00 20.00 20.00 
Rolled corn 75.38 72.62 69.80 66.97 
Soybean meal 1.98 4.88 7.88 10.88 
Dicalcium phosphate 1.06 .99 .93 .85 
Limes tone .59 .61 .62 .64 
Trace mineralized salt .50 .50 .50 .50 
Potassium chloride .49 .40 .27 .16 
Crude protein, % d 11.12 12.30 13.51 14.73 
NE~: .89 .89 .89 .89 
NEg .59 .57 .57 .57 
a 
b All diets provided >17,000 IU of vitamin A per head per day. Percentage, dry matter basis. 
C Percentage of daily protein requirement (g) established by the NRC. 
Calculated values. 
e Mcal/lb . 
I tem goC;- CPR 100 - CPR 110-CPR 120-CPR 
Hay 
Cobs 
Molasses 
Rolled corn 
Soybean meal 
Dicalcium phosphate 
Limes tone 
Trace mineralized salt 
Potassium chloride 
Crude protein, % d 
NE~: 
NEg 
a 
b All diets provided >17,000 IU of vitamin A per head per day. Percentage, dry matter basis. 
C Percentage of daily protein requirement (g) established by the NRC. 
Calculated values. 
e Mcal/lb . 
TABLE 4 .  EFFECT OF PROTEIN INTAKE ON FEEDLOT PERFORMANCE 
I tem 
Percen tage  NRC requ i rementa  
90-CPR 100-CPR 110-CPR 120-CPR SEM 
I n i t i a l  w t ,  l b  612 ,609  613 611 2.47 
F i n a l  wg, 
C I P  
775 781 795 807 4.29 
ADG, l b  ' 1 .94  2 .05 2 .17  2 .33  .28 
Dry matter intz+yg lb/day 12.86 12 .80  12.92 13 .02  0 
Feed conve r s ion  ' 6.63 6 .25  5 .96  5 .58  b ,  c ,  f .14 PUN, mg/dl (day 56) b ,  d ,  f 5 .13  5 .62 6 .62  7 .82  . 3 1  PUN, mg/dl (day 84) 4 . 61  5 .27  6 .93  8 .06  .38 
a Pe rcen t age  o f  d a i l y  c rude  p r o t e i n  requ i rement ,  g .  
L i n e a r  e f f e c t  (PC. 001) .  
C 100-CPR vs 110-CPR (P<.05).  
100-CPR vs 110-CPR (PC. 01 ) .  
e 100-CPR vs 120-CPR (P<.01).  
100 - CPR vs 120 - CPR (PC. 001) . 
Average d a i l y  gain increased (P*.01) as the monensin dosage was increased from 120 t o  180 mg/head/day wi th no 
fu r ther  advantage seen a t  the 240-mg treatment ( tab le  5). There was a tendency f o r  delayed feed consunption when 
monensin was fed a t  the 240 mg/head Level. This may be usefu l  i n  Larger pens t o  a l low f o r  more uniform feed 
consunption, especia l ly  when bunk space i s  l imited. The 120, 180 and 240 mg/head/day monensin Levels used i n  the 
study correspond w i th  levels  o f  18.6, 27.9 and 37.2 g/ton, respectively. 
TABLE 5 .  EFFECT OF MONENSIN DOSAGE ON FEEDLOT PERFORMANCE 
I t e m  
a Dosage 
I n i t i a l  w t ,  kb 613 609 611 2.14 
F i n a l  w f : d l b  781 793 795 3.72 ADG, l b  2.00 2.19 2 .19  .25 
Dry m a t t e r  i n t g e c  lb/day 12.89 12.89 12 .89  0 
Feed conve r s ion  6.45 5 .89  5 .89  .13  
PUN, mg/dl (day 56) 6.19 6 .09  6 . 6 1  .27 
PUN, mg/dl (day 84) 5 .98 6 .06 6 . 6 1  . 33  
a Mg/head/day. 
L i n e a r  e f  f e c t  (P<. 01) . 
C 120 vs 180 mg/head/day (P<.05) .  
I 120 vs 180 mg/head/day (PC. 0 1 ) .  
I 
I The concentrat ion of  PUN d i d  not increase when crude p ro te in  increased from 90 t o  100% of  NRC crude p ro te in  
I requirement. From 100 t o  110% o f  NRC and 110 t o  120% of  the crude p ro te in  requirement, PUN increased (P<.05). 
These d i e t s  contained 12.51 (110-CPR) and 13.61% (120-CPR) crude protein. The increase i n  PUN may indicate that  
ruminal N requirements had been meet and excess NH was being absorbed from the rumen. Average d a i l y  gains 3 
increased through 120% o f  the estimated crude p ro te in  requirement. This gain response t o  120-CPR suggests that  
p ro te in  requirements f o r  maximum growth were not exceeded i n  t h i s  study. Since ruminal N requirements were 
probably met wi th the 100-CPR or  110-CPR diets, the gain response associated wi th the 120-CPR d i e t  may be due t o  
an increased amount o f  bypass of  feed p ro te in  which may occur simply because more p ro te i n  was fed  a@ ruminal 
degradation r a te  remained constant. 
ALTERNATE FEEDlNG OF CORN AND CORN SILAGE 
DIETS TO FEEDLOT CATTLE 
1 
J. J. Wagner 
Department o f  Animal and Range Sciences 
V Y Y  CATTLE 87-7 
Sumnary 
One hundred twenty-eight Angus year l i ng  steers (800 l b )  were u t i l i z e d  i n  a t r i a l  t o  determine i f  feeding the 
concentrate por t ion  o f  a 40% corn s i l a g e  f i n i s h i n g  d i e t  separately from the s i l a g e  would r e s u l t  i n  improved 
feedlot  performance and feed conversion. Ca t t le  fed the concentrate separately from s i lage  achieved s i m i l a r  
average d a i l y  gains and tended t o  have s l i g h t l y  be t te r  feed e f f i c i e n c y  than c a t t l e  fed a completely mixed d i e t  
(2.26 vs 2.25 Lb/head/day and 9.21 vs 9.89, respect ively).  Feeding completely mixed, h igh concentrate f i n i s h i n g  
d i e t s  resu l ted  i n  the greatest performance and under current condit ions i s  l i k e l y  the most economical s i t u a t i o n  
f o r  most c a t t l e  feeders. 
(Key Words: Associat ive Ef fects ,  Whole Shelled Corn, Corn Silage.) 
In t roduct ion 
Inc lud ing roughage i n  high concentrate d i e t s  reduces acidosis and in take problems. A n u t r i t i o n a l  advantage 
may be achieved by having a l l  essent ia l  nu t r ien ts  ava i lab le  t o  c a t t l e  a t  each feeding. Research has shoun that,  
when mixed d i e t s  are fed t o  c a t t l e ,  the mixture o f ten  has a lower feeding value than when the d i e t  components are 
fed separately. 
Negative associat ive e f f e c t s  may r e s u l t  from the presence of both f ibrous and concentrate mater ia ls  w i t h i n  
the rumen. Optimal d iges t ion  o f  f i b e r  and concentrate by feedlot c a t t l e  requires tha t  d i s t i n c t  condit ions be 
maintained w i t h i n  the rumen. Feeding roughages separately from concentrates i n  feedlot d i e t s  may opt imize ruminal 
condit ions f o r  f i b e r  d iges t ion  and slow ra te  o f  passage, increasing ruminal and post-ruminal s tarch digest ion. ~t 
may a lso increase the e f f i c i e n c y  of fermentation i n  the rumen by maintaining a l te rna te  populat ions o f  a m y l o l i t i c  
and c e l l u l o l y t i c  bacter ia  i n  a stage of rap id growth. 
The object ives o f  t h i s  research were t o  determine i f  a negative associate e f f e c t  e x i s t s  when mixed d i e t s  o f  
corn s i l age  and whole she l led  corn are fed and i f  feeding the whole shel led corn por t ion  o f  the d i e t  i n  the 
morning and corn s i l a g e  i n  the evening could improve feedlot  performance o f  steers. 
Mater ia ls  and Methods 
One hundred twenty-e ight  year l i ng  Angus steers were s t r a t i f i e d  by weight and randomly a l l o t t e d  t o  16 pens. 
Three experimental d i e t s  ( tab le  1) were used i n  four treatments with four rep l i ca t ions  per treatment. Treatments 
1, 2 and 3 consisted o f  feeding d i e t s  1, 2 and 3 as completely mixed rat ions twice da i l y .  Treatment 4 consisted 
of feeding the concentrate p o r t i o n  of d i e t  2 a t  8 am and the s i lage  p o r t i o n  a t  4 pm. The concentrate por t ion  of 
a l l  d i e t s  consisted o f  whole shel led corn and a pel leted, soybean meal-based supplement. 
C a t t l e  were weighed i n i t i a l l y  and a t  the end o f  the t r i a l  a f t e r  an overnight (16 hour) withdrawal o f  feed and 
water. On the day p r i o r  t o  slaughter, a f u l l  weight was obtained t o  measure shrink. Ca t t le  remained on feed 
u n t i l  f i v e  o f  the e ight  head i n  each pen reached an estimated low choice grade C.4" f a t  over 12th r i b  as measured 
by a Cook's probe). 
1 
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Diet 
Item 1 2 3 
Corn silage 
Whole shelled corn 
Supplement 
Soybean meal 
Potassium chloride 
Dicalciurn phosphate 
Limes tone 
Trace mineralized salt 
Vitamin A-30 
Bovatec 68 
a Percentage (DM basis). 
Data uere analyzed as a completely randomized design on a pen mean basis. Variables of i n te res t  were average 
d a i l y  gain, feed intake, feed conversion, days on feed, shrink, dressing percentage and carcass q u a l i t y  and y i e l d  
grade. Means were separated using Least s i g n i f i c a n t  d i f ference procedures. 
Results and Discussion 
--
Performance and carcass data of the c a t t l e  are shown i n  tab le  2. C a t t l e  were slaughtered a t  the choice grade 
and were of s i m i l a r  fatness as ind icated by the dressing percentage and y i e l d  grade data. 
TABLE 2. PERFORMANCE OF CATTLE 
a Treatment 
Item b 10% 40% 70% am/pm SEM' 
Initial wt, lb 
ADG, lb 
DMI, lb 
F/G 
Slaughter wt, lb 
Shrink, % d 
Days on feed 
Dressing percent 
e Quality grade 
Yield grade 
a 
b Percentage corn silage, dry matter basis. ADG = average daily gain, DM1 = average daily dry matter intake, F/G = 
feed efficiency. 
C 
d Standard error of the mean. (1 - slaughter wt/full wt)*100. 
e 2 = choice, 3 = good. 
f'glh'l Means in same row with differing superscripts differ (P<. 05). 
Days on feed were 109, 126, 152 and 144 days f o r  the lo%, 40%, 70% and am/pm treatments, respec t i ve l y .  The 
am/pm c a t t l e  were fed  18 days longer than the  40% c a t t l e .  Slaughter weight o f  t he  am/pm c a t t l e  was s l i g h t l y  
greater  than t h a t  o f  t h e  o ther  groups (1113 vs 1087 Lb) and a t  2.26 lb/head d a i l y  would account f o r  12 o f  the 18 
a d d i t i o n a l  days on feed f o r  the am/pm c a t t l e  compared w i th  t h e  40% c a t t l e .  
A  l i n e a r  r e l a t i o n s h i p  e x i s t e d  between leve l  o f  corn s i l a g e  i n  t h e  d i e t  and average d a i l y  gain.  C a t t l e  fed 
the 10% corn s i l a g e  d i e t  gained s i g n i f i c a n t l y  f a s t e r  (P<.05) and c a t t l e  f ed  t h e  70% co rn  s i l a g e  d i e t  gained 
s i g n i f i c a n t l y  slower (P<.05) than c a t t l e  f e d  t h e  40% s i l a g e  o r  am/pm d i e t s  (2.58 vs 2.24 and 1.89 vs 
2.26 lb/head/day, respec t i ve l y ) .  
Dry mat ter  i n take  was greatest  f o r  t he  10% s i l a g e  d i e t .  Average d a i l y  i n take  was approximately 2.6% o f  body 
weight. This i s  h igher  than what t y p i c a l  i n take  o f  a  10% s i l a g e  r a t i o n  i s  L i k e l y  t o  be. I n take  was Lowest f o r  
t he  c a t t l e  f ed  concent ra te  i n  the morning and s i l a g e  i n  t he  evening. I n i t i a l l y ,  c a t t l e  re fused t o  c lean  up the  
evening feed ing o f  s i l age .  A f t e r  3  weeks on t r i a l ,  c a t t l e  s t a r t e d  t o  consume a l l  o f  t h e i r  s i l age .  
S i g n i f i c a n t l y  poorer feed conversion than what i s  genera l l y  expected was observed f o r  t h e  c a t t l e  f ed  the  h igh 
concent ra te  d i e t .  Th is  r e f l e c t s  t h e  h igh d r y  matter i n take  of these c a t t l e .  C a t t l e  f e d  t h e  h igh  s i l a g e  d i e t  had 
t h e  poorest feed conversion (12.29 vs approximately 9.55). Feed conversions f o r  c a t t l e  f i n i s h e d  on predominant ly 
co rn  s i l a g e  d i e t s  a r e  l i k e l y  t o  be t h i s  high. 
Feed e f f i c i e n c y  tended t o  be improved s l i g h t l y  (9.21 vs 9.89) by feed ing concent ra te  i n  t he  morning and 
s i l a g e  i n  t h e  evening. This may be a  f u n c t i o n  o f  improved energy u t i l i z a t i o n  f o r  t he  am/pm vs t h e  40% completely 
mixed treatment o r  i t  may r e f l e c t  d i f f e rences  i n  energy concent ra t ion o f  t he  d i e t s  caused by t h e  s i l a g e  re fusa ls .  
However, t h e  t o t a l  amount o f  s i l a g e  t h a t  was weighed back would represent Less than a  1% change i n  t h e  s i l a g e  
content (39.6 vs 40.0%) and l ess  than a  .2% change i n  t h e  NEg content (53.66 vs 53.60 mcal/cwt) o f  t h e  d i e t .  
These da ta  do no t  show any evidence suppor t ing the  ex is tence o f  negat ive  assoc ia t i ve  e f f e c t s  when mixed d i e t s  
o f  co rn  s i l a g e  and whole s h e l l e d  co rn  are  fed. C a t t l e  f e d  whole she l l ed  co rn  tend t o  chew more than c a t t l e  fed 
processed corn. Perhaps t h i s  cheuing s t imu la tes  s a l i v a  sec re t i on  and b u f f e r s  t h e  rumen, thereby improving ruminal  
cond i t i ons  f o r  c e l l u l o s e  d iges t i on .  Feeding a  completely mixed h igh  concent ra te  d i e t  appears t o  be t h e  most 
economical f i n i s h i n g  program f o r  c a t t l e  feeders. 
EFFECT OF RESTRICTING FEED INTAKE DURING THE FINISHING PHASE 
011 FEEDLOT PERFORMANCE AND DIETARY ENERGY UTILIZATI011 
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v CATTLE 87-8 
A t o t a l  o f  192 y e a r l i n g  ~ n i u s  s tee rs  were used i n  two t r i a l s  t o  i n v e s t i g a t e  t h e  impact o f  r e s t r i c t i n g  feed 
i n t a k e  on feed conversion and energy u t i l i z a t i o n .  I n  t r i a l  1, feed i n take  was r e s t r i c t e d  t o  approximately 83% o f  
ad l i b i t u m .  C a t t l e  were s laughtered a t  a constant fatness. I n  t r i a l  2, i n take  was r e s t r i c t e d  t o  approximately 93 
and 85% o f  ad Libitum. A f t e r  56 days on feed, h a l f  o f  t h e  85% c a t t l e  were al lowed t o  consume feed ad Libitum. 
C a t t l e  were s laughtered a t  a constant c m l a t i v e  NEg intake. Average d a i l y  g a i n  was reduced f o r  t h e  r e s t r i c t e d  
i n take  c a t t l e  compared w i t h  con t ro l s .  Carcass fa tness was not  a l t e r e d  by r e s t r i c t i n g  feed in take.  Feed 
conversion and c a l c u l a t e d  d i e t a r y  ne t  energy values were no t  improved by r e s t r i c t i n g  feed in take.  Use o f  t h e  net  
energy system appears v a l i d  over severa l  Levels o f  feed intake. 
(Key Words: R e s t r i c t e d  In take,  L i m i t  Feeding, F in i sh ing  Programs.) 
I n t r o d u c t i o n  
T y p i c a l l y  c a t t l e  are  f u l l - f e d  h igh energy d i e t s  d u r i n g  t h e  f i n i s h i n g  phase. M a x i m  energy i n take  genera l l y  
promotes t h e  g rea tes t  average d a i l y  g a i n  by c a t t l e .  Some researchers have suggested t h a t  feed conversion cou ld  be 
improved by r e s t r i c t i n g  t h e  i n take  o f  f i n i s h i n g  c a t t l e .  Such an improvement may be t h e  r e s u l t  o f  improved energy 
u t i l i z a t i o n  andcor) Less feed waste. I f  energy u t i l i z a t i o n  i s  a l t e r e d  a t  Lower l e v e l s  o f  feed intake, adjustments 
i n  ne t  energy values would be necessary. 
Previous t r i a l s  eva lua t i ng  r e s t r i c t e d  i n take  have ended on t h e  same day, leav ing t o t a l  d i e t a r y  energy i n take  
has been confounded w i th  treatment. Feeding c a t t l e  t o  a comnon t o t a l  energy i n take  would a l l o w  conclusions t o  be 
drawn regard ing the  e f f i c i e n c y  o f  energy u t i l i z a t i o n  a t  var ious l e v e l s  o f  d a i l y  intake. C a t t l e  feeders feed 
c a t t l e  t o  a comnon endpoint  (i.e., Low choice grade). I n  t h e  indust ry ,  c a t t l e  t h a t  a r e  fed  us ing  a r e s t r i c t e d  
i n take  regimen would be fed  t o  the  same endpoint as c a t t l e  fed a t r a d i t i o n a l  f i n i s h i n g  program. Data concerning 
t h e  e f f i c a c y  o f  r e s t r i c t e d  i n take  f i n i s h i n g  o f  c a t t l e  t o  a c m n  endpoint a r e  needed by t h e  indust ry .  
' The ob jec t i ves  o f  t h i s  research were t o  determine the  e f f e c t  o f  r e s t r i c t e d  i n take  d u r i n g  t h e  f i n i s h i n g  phase 
on c a t t l e  performance, energy u t i l i z a t i o n  and carcass m e r i t  when c a t t l e  were fed t o  a comnon t o t a l  energy i n take  
o r  a comnon fatness. 
Ma te r i a l s  and Methods 
A t o t a l  o f  192 y e a r l i n g  Angus s teers  were u t i l i z e d  i n  two t r i a l s .  A l l  c a t t l e  were p a r t  o f  a w in te r  growing 
s tudy and had been a t  t h s  research center  f o r  over 90 days p r i o r  t o  t he  study. C a t t l e  were implanted a t  t h e  s t a r t  
o f  t h e  t r i a l  w i th  Ralgro . I n  both  t r i a l s ,  a l l  c a t t l e  were fed vary ing amounts o f  a comnon h igh  energy f i n i s h i n g  
d i e t  ( t a b l e  1). 
I n  t r i a l  1, 64 c a t t l e  were s t r a t i f i e d  by weight and a l l o t t e d  t o  e igh t  concrete surfaced pens. C a t t l e  i n  f ou r  
pens were a l lowed t o  consume ad l i b i t u n  amounts o f  d r y  matter.  C a t t l e  i n  t he  f o u r  remaining pens were fed  
approximately 85% o f  what t h e  ad l i b i t u n  fed  c a t t l e  consumed. These c a t t l e  were s laughtered as f i v e  o f  e i g h t  head 
i n  each pen reached an a n t i c i p a t e d  low cho ice grade. 
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TABLE 1. DIET COMPOSITION FED TO STEERS IN TRIALS 1 AND 2 
Item 
Percentage of 
dry matter 
Whole shelled corn 
Ground high moisture corn 
Corn silage 
Supplement 
Soybean meal 
Limes tone 
a 
Trace mineralized salt 
Cane molasse 
Vitamin A-30 rS 
C 
Rumensin 60 
Nutrient d 
NE~: 
NEg 
Crude protein 
Potassium 
Calcium 
Phosphorus 
a Composition, minimum percentage, NaCl 96.0, Zn .350, Mn .209, Fe .200, 
Mg b150, Cu .003, I .007 and Co .005. 
Contains 30,000 IU vitamin A per gram. 
C Contains 60 g monensin per pound. 
Calculated from NRC , 1984. 
e Net energy for maintenance, mcal/cwt dry matter; net energy for gain, 
mcal/cwt dry matter. 
I n  t r i a l  2, 128 c a t t l e  were s t r a t i f i e d  by weight and a l l o t t e d  t o  16 d i r t  surfaced pens. Four pens o f  c a t t l e  
were a l lowed t o  consune ad L i b i t u n  amounts o f  d r y  matter.  C a t t l e  i n  f ou r  pens were f e d  approximately 93% and 
e i g h t  pens of c a t t l e  were f e d  approximately 85% o f  what the ad L i b i t u n  c a t t l e  consumed. A f t e r  56 days, f o u r  pens 
o f  t h e  85% c a t t l e  were f e d  ad L i b i t u n  amounts o f  d r y  matter.  C a t t l e  on t h e  ad L ib i t um regimen f o r  t h e  e n t i r e  
t r i a l  were s laughtered as f i v e  o f  e i g h t  head i n  each pen reached an a n t i c i p a t e d  Low cho ice grade. R e s t r i c t e d  
i n take  c a t t l e  were s laughtered as each pen achieved s i m i l a r  cumulat ive n e t  energy f o r  g a i n  in takes as t h e  
ad L ib i t um f e d  c a t t l e .  
D i e t a r y  energy values were computed us ing net  energy r e l a t i o n s h i p s  (Owens e t  at . ,  1984). Est imated energy 
values a re  based on average weight, average d a i l y  gain, days on feed and average d a i l y  d r y  mat ter  in take.  
C a t t l e  were weighed i n i t i a l l y  on two consecut ive mornings fo l l ow ing  an overn ight  wi thdrawal (16 hours) o f  
feed and water. P r i o r  t o  s laughter ,  c a t t l e  were weighed f u l l  and fo l l ow ing  an overn ight  wi thdrawal (14 hours) o f  
feed and water. Shr ink  was ca l cu la ted  us ing  these two weights. Dressing percent was c a l c u l a t e d  us ing ho t  carcass 
weight and shrunk weight p r i o r  t o  s laughter.  Treatment d i f fe rences f o r  sh r i nk  and dress ing percent were not 
s i g n i f i c a n t .  Therefore, f i n a l  weights a re  t h e  shrunk weights p r i o r  t o  s laughter  and have n o t  been ad jus ted t o  a 
comnon d ress ing  percent.  ALL i n t e r i m  weights were obtained f o l l o w i n g  14 hours withdrawal o f  feed on ly .  
Data were analyzed as a completely randomized design on a pen mean basis.  Carcass f a t  th ickness measured 
between t h e  12th  and 13th  r i b  was used as a cova r ia te  i n  t h e  ana lys i s  o f  t r i a l  1 and t o t a l  ne t  energy a v a i l a b l e  
f o r  g a i n  i n t a k e  was used as a cova r ia te  i n  t he  ana lys i s  o f  t r i a l  2. Var iab les  o f  i n t e r e s t  were average d a i l y  
gain,  feed intake, feed conversion, carcass c h a r a c t e r i s t i c s .  D i e t a r y  energy values ca l cu la ted  from the  
performance da ta  from each pen were a l so  examined. Treatment means were separated us ing  Least s i g n i f i c a n t  
d i f f e r e n c e  procedures. 
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Resul ts  and Discussion 
--
Performance of c a t t l e  i n  t r i a l  1 i s  shown i n  t a b l e  2. Average d a i l y  d r y  mat ter  i n t a k e  f o r  t he  f u l l - f e d  group 
averaged 19.42 lb/head f o r  t he  e n t i r e  t r i a l .  Res t r i c ted  i n take  c a t t l e  averaged 83.1% o f  t h e  d a i l y  d r y  matter 
i n t a k e  as t h e  ad L ib i t um c a t t l e .  Average d a i l y  g a i n  f o r  t h e  ad l i b i t u m  c a t t l e  tended t o  be g rea te r  than the  
r e s t r i c t e d  c a t t l e  (2.53 vs 2.04 Lb/head/day f o r  t he  e n t i r e  t r i a l ) .  Days on feed tended t o  be g rea te r  f o r  t he  
r e s t r i c t e d  i n t a k e  c a t t l e  than f o r  t h e  f u l l - f e d  c a t t l e  (115 vs 106 days). 
TABLE 2. PERFORMANCE OF CATTLE FED IN TRIAL la 
b Treatment I tem Ad libitum Restricted s EM' 
Initial wt, lb 
DM1 14, lb 
DM1 28, lb 
DM1 56, lb 
DM1 T, lb 
ADG 14, lb 
ADG 28, lb 
ADG 56, lb 
ADG T, dlb 
F/G 14 
F/G 28 
F/G 56 
F/G T 
Slaughter wt, lb 
Days on feed 
a Least-squares means adjusted to a common fat thickness. 
DM1 , ADG and F/G - cumulative daily dry matter intake, average daily gain 
and feed/gain, respectively, and 14, 28, 56 and T = 14, 28, 56 days and total 
trial, respectively. 
C Standard error of the mean. 
past-squares mean for DM1 14/ADG 14. 
e' Means in each row with ,unlike superscripts differ (P<. 05). 
One pen o f  c a t t l e  on t h e  r e s t r i c t e d  i n take  treatment l o s t  .4 Lb/head/day d u r i n g  t h e  f i r s t  14 days o f  t h e  
t r i a l .  Consequently, Least squares means f o r  feed e f f i c i e n c y  a t  14 days were negat ive. Data i n  t he  t a b l e  f o r  feed 
convers ion a t  14 days were c a l c u l a t e d  from t h e  Least-squares means f o r  average d a i l y  ga in  and d r y  mat ter  in take.  
Feed convers ion was no t  improved by  r e s t r i c t i n g  intake. For t he  e n t i r e  t r i a l ,  feed convers ion was 7.79 f o r  
t h e  f u l l - f e d  c a t t l e  vs 8.43 f o r  t h e  r e s t r i c t e d  i n take  c a t t l e .  These c a t t l e  uere fed t o  a  comnon f a t  th ickness and 
s laughter  grade. 
Calcu la ted d i e t a r y  n e t  energy concent ra t ions were no t  a l t e r e d  by  r e s t r i c t e d  feeding. Net energy f o r  
maintenance and g a i n  f o r  t h e  f u l l - f e d  c a t t l e  vs the  r e s t r i c t e d  i n take  c a t t l e  uere  89.74 and 59.15 vs 93.87 and 
62.00 mcal/cwt d r y  matter,  r e s p e c t i v e l y  (s tandard e r r o r  4.41 and 2.64 f o r  NEm and NEg, respec t i ve l y ) .  
Carcasses o f  r e s t r i c t e d  i n take  c a t t l e  were s i g n i f i c a n t l y  l i g h t e r  and had smal ler  r i b  eye areas than f u l l - f e d  
c a t t l e  (660 vs 684 l b  and 11.71 vs 12.17 s q  in,  respec t i ve l y ) .  A l l  o the r  carcass t r a i t s  were s i m i l a r  f o r  t he  
f u l l - f e d  c a t t l e  and t h e  r e s t r i c t e d  i n take  c a t t l e  ( t a b l e  3). 
TABLE 3 .  CARCASS DATA, TRIAL la 
I tem 
Treatment 
Ad libitum Restricted 
Dressing percent 
Hot carcass weight, lb 
5 C Fat thic ness, inches 
Marbling 
Kidney, heart and pelvic fat, % 
Rib eye area, sq in 
Percent choice 
Yield grade 
a Least-squares means adjusted to a common fat thickness. 
Standard error of the mean. 
C Raw means . 
$mall0 - 5.00; Modest0 = 6.00. 
e' Means in each row with unlike superscripts differ (P<.05). 
Performance of s teers  i n  t r i a l  2 i s  displayed i n  tab le  4 .  At 56 days, average d a i l y  d ry  matter intake was 
19.31 Lb per head fo r  the ad Libitum treatment. Average d a i l y  intake for  the 93,  85 and 85+% treatments were 
18.12 ( 9 3 . 8 % ) ,  17.46 (88 .7%)  and 16.88 (87 .4%)  Lb/head. For the e n t i r e  t r i a l ,  average d a i l y  intake for the 
ad Libitum, 9 3 ,  85 and 85+ treatments were 19.34 , 18.22 (94.2??), 17.46 (90 .3%)  and 17.95 (92 .8%)  Lb/head. 
TABLE 4. PERFORMANCE OF STEERS FED IN TRIAL 2a 
b Treatment Item Ad libitum 93% 85% 8 5+% s EM' 
Initial wt, lb 
DM1 14, lb 
DM1 28, lb 
DM1 56, lb 
DM1 T, Ib 
ADG 14, lb 
ADG 28, lb 
ADG 56, lb 
ADG T, lb 
F/G ,14 
F/G 28 
F/G 56 
F/G T 
Slaughter wt, lb 
Days on feed 
a Least-squares means adjusted to a common total NEg intake. 
DMI, ADG and F/G - cumulative daily dry matter intake, average daily gain 
and feed/gain, respectively, and 14, 28, 56 and T = 14, 28, 56 days and total 
trial, respectively. 
C St ndard error of the mean. 
Means in each row with unlike superscripts differ (P<.05). 
Average d a i l y  ga in  was greatest  and days on feed uere lowest f o r  t h e  ad L ib i t um treatment.  For the e n t i r e  
t r i a l ,  f u l l - f e d  c a t t l e  gained 2.79 lb/head/day compared w i th  2.47, 2.43 and 2.39 f o r  t h e  93, 85 and 85+ groups, 
respec t i ve l y .  The ad l i b i t u m  c a t t l e  requ i red  100 days on feed t o  reach t h e  low cho ice grade. The 93, 85 and 85+ 
c a t t l e  requ i red  111, 120 and 113 days, respect ive ly ,  t o  reach s i m i l a r  energy in takes as the  f u l l - f e d  c a t t l e .  
Feed conversion was no t  a f f e c t e d  by l i m i t  feeding ( t a b l e  4). Feed conversion f o r  t he  e n t i r e  t r i a l  was 7.00 
vs 7.39, 7.21 and 7.53 f o r  t h e  ad l i b i t u m  vs 93, 85 and 85+ c a t t l e ,  respec t i ve l y .  Ca lcu la ted ne t  energy values 
uere s i m i l a r  f o r  a l l  t reatments ( t a b l e  5), i n d i c a t i n g  t h a t  l eve l  o f  feed i n take  d i d  no t  a l t e r  energy u t i l i z a t i o n .  
b Treatment I tern Ad libitum 93%. 8 5 % 85+% s EM' 
NEm 
NEg 
a Calculated from net energy relationships (Owens et al., 1984). 
NEm = Net energy for maintenance, mcal per cwt dry matter; NEg = net 
energy for gain, mcal per cwt dry matter. 
C Standard error of the mean. 
Average feed i n take  by  p e r i o d  f o r  t r i a l  2 i s  d isp layed i n  t a b l e  6. A f t e r  56 days on feed, t h e  85+ c a t t l e  
uere f u l l  fed. From 70 t o  84 days, feed i n take  f o r  t he  ad l i b i t u m  and 85+ c a t t l e  were s i m i l a r  (19.20 and 
19.24 lb/head/day, respec t i ve l y ) .  Dry matter in takes f o r  t h e  85+ c a t t l e  tended t o  be g rea te r  than in takes f o r  the 
ad L ib i t um c a t t l e  (19.58 vs 18.80 Lb/head/day) du r ing  days 84 t o  98. 
TABLE 6. AVERAGE FEED INTAKE BY PERIOD, TRIAL 2 
- - 
Treatment 
I tem Ad libitum 9 3 % 8 5 % 85+% S E M ~  
0-28 days b 18. 83b 17.77: 16. 53cd d 16. 45d .15 
28-56 days 19. 76b 18.42 17.72 17. 38bc .22 
56-70 days 19. 07bc 18. 14tc 17.61' 18. 50b .28 
70-84 days 19. 2ObC 18. 46c 18.13' 19. 24b .26 
84-98 days 18.80 18.61 17.92' 19.58 .30 
a St ndard error of the mean. 
b'c'8 Means in each row with unlike superscripts differ (P<. 05) . 
Carcass data  a r e  d i sp layed  i n  t a b l e  7. There uere no treatment d i f f e rences  f o r  any o f  t he  carcass t r a i t s ,  
i n d i c a t i n g  t h a t  feed ing t o  constant cumulat ive NEg in take  y i e l d e d  s i m i l a r  carcass endpoints and presumably s i m i l a r  
carcass energy gains. 
Feed conversion and ca l cu la ted  d i e t a r y  energy values uere not  improved by  r e s t r i c t i n g  feed in take.  The net  
energy system appears v a l i d  over a wide v a r i e t y  o f  feed intakes. I n  t h i s  experiment, i n take  was r e s t r i c t e d  t o  83, 
90, 93 and 94% o f  ad l i b i t um.  Under cu r ren t  cond i t ions,  most feeders should cont inue t o  s t r i v e  t o  maximize feed 
i n take  and performance by  t h e i r  c a t t l e .  
Item 
Treatment 
Ad libitum 93% 8 5 % 85+% S E M ~  
Dressing percent 
Hot carcass wt, lb 
Fat thickness, inches 
Marbling 
Kidney, heart and pelvic fat, % 
Rib eye area, sq in 
Percent choice 
Yield grade 
a Least-squares means adjusted to a common total NEg intake. 
Standard error of the mean. 
C Small0 = 5.00: Modest0 - 6.00. 
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w CATTLE 87-9 
Simnental -Angus crossbred cows were fed d i f f e r i n g  Levels of n u t r i t i o n  from December t o  May i n  each o f  3 years 
t o  create a wide range i n  cow body condi t ion o r  f leshiness a t  the beginning of the ca lv ing  season (beginning 
mid-March) and when turned t o  sumner pasture (ear l y  May) 1 month p r i o r  t o  the beginning of the breeding season 
( e a r l y  June). Cows tha t  were f l e s h i e r  i n  March, May or June cycled e a r l i e r .  Cows tha t  were f l e s h i e r  a t  the 
beginning o f  the breeding season calved e a r l i e r  the fo l lowing years. For cows that  calved Late i n  the ca lv ing 
season, body cond i t i on  p r i o r  t o  calving, i n  e a r l y  May and a t  the beginning o f  the breeding season were a l l  c lose ly  
re la ted  t o  when they calved the fo l lowing year. Cows that  calved e a r l y  i n  the ca lv ing  season were able t o  
withstand more n u t r i t i o n a l  stress, as body condi t ion p r i o r  t o  ca lv ing and i n  May had Less o f  an e f f e c t  on ca lv ing 
i n t e r v a l  than d i d  body condi t ion a t  the beginning o f  the breeding season. 
(Key Words: Beef Cow, Body Condition, Reproduction, Nu t r i t i on . )  
In t roduct ion 
Many researchers have shown that  body condi t ion o f  beef cows a f f e c t s  reproduct ive performance. Previous 
studies have Linked higher cow body condit ions wi th  shorter i n t e r v a l s  from calv ing t o  f i r s t  est rus and increased 
percentage o f  cows pregnant. I t  i s  not c lear  as t o  the minimum degree of body cond i t i on  a t  various stages of 
product ion t h a t  w i l l  Lead t o  adequate reproduct ive performance under d i f f e r e n t  condit ions. 
The object ives of t h i s  study are t o  (1) establ ish the minimum cow body cond i t i on  before ca lv ing  and breeding 
necessary f o r  adequate reproduct ive performance and (2) evaluate subject ive and ob jec t i ve  measurements t o  describe 
body cond i t i on  o f  beef cows. The resu l t s  reported i n  t h i s  paper r e l a t e  t o  ob jec t i ve  1. 
Mater ia ls  and Methods 
Simnental-Angus crossbred cows wintered a t  the SDSU Range and Livestock Research Stat ion near Cottonwood and 
sumner grated near Sturgis, South Dakota, were a l l o t t e d  each December by age and previous ca lv ing  date t o  one o f  
two Levels of e a r l y  winter n u t r i t i o n .  Wi th in  1 week fo l lowing calving, cows were r e a l l o t t e d  by ca lv ing  date, c a l f  
sex, cow age and e a r l y  winter treatment t o  one o f  two Late winter treatments fed u n t i l  e a r l y  May. Ear l y  and l a t e  
winter treatments were designed t o  create a wide range i n  cow body cond i t i on  p r i o r  t o  ca lv ing  and i n  e a r l y  May. 
A L L  cows grated na t i ve  range as a group from ear l y  May t o  e a r l y  December each year. The 60 t o  70-day 
breeding season began on June 6 each year. For the f i r s t  2 years, cows were exposed t o  Charolais b u l l s .  During 
the t h i r d  year, cows were observed f o r  estrus f o r  the f i r s t  25 days o f  the breeding season and a r t i f i c i a l l y  
inseminated t o  Simnental or Angus bu l l s .  Cows were then exposed t o  Simnental or Angus b u l l s  f o r  the remainder of 
the breeding season. 
Cow body cond i t i on  scores ( t a b l e  11, cow weights (a f te r  overnight withdrawal from feed and water), backfat 
needle probes (Cook's probe taken between 12th and 13th r i b s )  and weight:height r a t i o s  (weight:height a t  top of 
the hook bones) were monitored monthly from December through July. Blood from each cow was co l lec ted  twice 
monthly (7-10 days apar t )  i n  e a r l y  May, June and Ju ly  f o r  detect ion of c y c l i c  a c t i v i t y  v i a  serum progesterone as 
determined by radioimnunoassay. Only records.from cows nursing calves were included i n  s t a t i s t i c a l  analyses. 
'Assistant Professor. 
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TABLE 1. BODY CONDITION SCORING SYSTEM FOR BEEF COWS 
Score Description 
1 Severely Emaciated. Individual spinous processes, shoulder, rib and hip 
bones are obvious. No apparent fat cover. Shoulder, loin and rearquarter 
muscle has marked atrophied appearance. Physically weak. 
2 Extremely Thin. Same as 1 but not weakened. 
3 Very Thin. Individual spinous processes, shoulder, rib and hip bones are 
obvious. No apparent fat cover. Only slight muscle atrophy. 
4 Slightly Thin. Individual spinous processes no longer apparent. Rear 
ribs, hip and pin bones evident. Slight fat cover over shoulder and 
foreribs only. No visible muscle atrophy. 
5 Moderate. Last two ribs noticeable. Small amount of fat over shoulder, 
foreribs and loin. Slight or no fat in brisket or over hip and pin bones. 
6 Slightlv Fleshv. Individual ribs are not evident. Moderate fat covering 
over shoulder, loin and foreribs. Some fat in brisket and over last few 
ribs and hip bones. 
7 Fleshy. Very smooth profile due to fat deposits. Considerable fat 
covering over shoulder, rib, loin and hip. Fat fills out brisket, flanks 
and tailhead. 
8 Obese. When viewed from behind, back and hips have square appearance and 
tailhead is full due to excessive fat deposits. Flanks appear deep and 
brisket is full and distended with fat. 
9 Very Obese. Excessive fat deposits cause a rippled appearance over loin, 
hip and tailhead. Neck appears short due to fullness of brisket. Heavy 
deposition of udder fat noticeable in dry cows. 
CONDITION SCORE 
CONDITION SCORE 3 
CONDITION SCORE 5 
(Condition score 2 
CONDITION SCORE 7 on right) 
Results and Discussion 
--
The n u t r i t i o n a l  treatments imposed produced d i f ferences i n  weight change and body condi t ion ( tab les  2-4) .  
Those treatments tha t  produced greater winter weight loss and lower body condi t ion scores resul ted i n  fewer cows 
cyc l ing  p r i o r  t o  and dur ing the breeding season and longer ca lv ing in te rva ls .  The 53 l b  d i f fe rence  i n  t o t a l  
winter weight change caused by n u t r i t i o n  treatment dur ing the f i r s t  year o f  the study d i d  not r e s u l t  i n  a 
d i f fe rence  i n  c a l f  growth r a t e  o r  weaning weights. The 70- and 121-Lb d i f ferences i n  t o t a l  winter  weight change 
produced by n u t r i t i o n a l  treatments i n  the second two years o f  the study resul ted i n  reduced c a l f  growth dur ing the 
l a t e  winter treatment period. This lower c a l f  growth d i d  t rans la te  t o  Lower c a l f  weaning weights i n  the f a l l .  
During the t h i r d  winter ( t a b l e  4) the detr imental e f f e c t s  of Low n u t r i t i o n  a f t e r  ca lv ing  were more severe fo r  
those cows tha t  were a lso  on low e a r l i e r  winter treatments. 
TABLE 2. EFFECTS OF EARLY AND LATE WINTER TREATMENTS (1984-85) 
Early winter  t reatment High Low 
Late winter  t reatment High Low High Low 
No. cows 
Cow w t ,  l b .  12/13/84 
Cow condi t ion  score 
12/13/84 
3/12/85 
5/7/85 
6/5/85 
Cow w t  change, l b  
12/13/84-2/15/85 
2/15/85-3/12/85 
3/12/85-5/7/85 
12/13/84-5/7/85 
5/7/85-6/5/85 
Cow cyc l ing ,  % 
5/7/85 
6/5/85 
7/2/85 
Cows pregnant ,  % 
F a l l  1985 
Calving i n t e r v a l ,  1985-86 
Calf ga in ,  lb/day 
Calving- 5/7 
Calf weaning w t ,  l b  
Means i n  a row without common supersc r ip t s  d i f f e r  (P<.05).  
TABLE 3 .  EFFECTS OF EARLY AND LATE WINTER TREATMENTS (1985-86) 
E a r l y  w i n t e r  t r e a t m e n t  High Low 
Late  w i n t e r  t r e a t m e n t  High Low High Low 
No. cows 
Cow w t ,  l b ,  12/9/85 
Cow c o n d i t i o n  s c o r e  
12/9/85 
3/7/86 
5/9/86 
6/5/86 
Cow w t  change ,  I b  
12/9/85-2/7/86 
2/7/86-3/7/86 
3/7/86-5/9/86 
12/9/85-5/9/86 
5/9/86-6/5/86 
Cows c y c l i n g ,  % 
5/9/86 
6/5/86 
7/2/86 
Pe rcen t  p r e g n a n t ,  f a l l  
Ca lv ing  i n t e r v a l ,  1986 
Cal f  g a i n ,  lb /day 
Ca lv ing-  5/9 
C a l f  weaning w t ,  l b  
2g13a l,., 3 9 c lb83  b l e l o C  
616 605 598 565 
- -- 
Means i n  a row wi thou t  common s u p e r s c r i p t s  d i f f e r  (P< .05 ) .  
TABLE 4. EFFECTS OF EARLY AND LATE WINTER TREATMENTS (1986-87) 
Early winter treatment Hieh Low 
Late winter treatment High Low High Low 
No. cows 
Cow wt, lb, 12/13/86 
Cow condition score 
12/5/86 
3/6/87 
5/8/87 
6/5/87 
Cow wt change, lb 
12/5/86-2/13/87 
2/13/87-3/6/87 
3/6/87-5/8/87 
12/5/86-5/8/87 
5/8/87-6/5/87 
Cows cycling, % 
5/7/85 
6/5/85 
7/2/85 
Calf gain, lb 
Calving- 5/8 
Means in a row without common superscripts differ (P<.05). 
To h e l p  eva luate  the  importance o f  body c o n d i t i o n  under d i f f e r e n t  s i t u a t i o n s ,  we have analyzed our r e s u l t s  
sepa ra te l y  f o r  those cows t h a t  ca lved e a r l y  i n  t he  c a l v i n g  season (greater  than 60 days from c a l v i n g  t o  the  
beginning o f  t he  breeding season) and Late c a l v i n g  cows (Less than o r  equal t o  60 days from c a l v i n g  t o  the 
breeding season). The i n fo rma t ion  i n  t a b l e  5  i nd i ca tes  t h a t  c o n d i t i o n  score i s  c l o s e l y  r e l a t e d  t o  the percentage 
o f  cows c y c l i n g  p r i o r  t o  and du r ing  the  breeding season w i t h  f l e s h i e r  cows having a  g rea te r  chance o f  cyc l i ng .  
For Late c a l v i n g  cows, i n t e r a c t i o n s  (P<.05) between body cond i t i on  p r i o r  t o  c a l v i n g  and body c o n d i t i o n  i n  May and 
June f o r  c y c l i n g  i n d i c a t e d  tha t ,  i f  cows are  t h i n  ( c o n d i t i o n  score 4 )  a t  ca lv ing,  an increase i n  body c o n d i t i o n  
a f t e r  c a l v i n g  i s  more important than f o r  moderate o r  f l e s h y  cows. 
Pregnancy r a t e s  were s u r p r i s i n g l y  h igh f o r  the f i r s t  2 years o f  t h i s  s tudy (>95%) desp i te  average w in te r  
weight Loss o f  as much as 19% o f  cow weight f o r  one combinat ion o f  t reatments du r ing  the  second year.  Pregnancy 
r a t e  was n o t  a f f e c t e d  by body cond i t ion .  
The e f f e c t  o f  body c o n d i t i o n  on when cows w i l l  ca l ve  the f o l l o w i n g  year ( i n d i c a t e d  by c a l v i n g  i n t e r v a l )  i s  
less  dramatic.  I n  general  cows w i t h  h igher  cond i t i on  scores had sho r te r  c a l v i n g  i n t e r v a l s  ( t a b l e  5). 
TABLE 5 .  EFFECT OF CONDITION SCORE ON PERCENTAGE CALVING AND 
CALVING INTERVAL 
% c v c l i n ~  ca lv ing  
Condition No. of No. of i n t e r v a l ,  
s co re  COWS May June J u l y  COWS days 
a  Early ca lv ing  cows 
March cond i t ion  sco re  ( p r i o r  t a  ca lv ing)  
<4 45 10 .  Od d  
- 28. 2d 70. 5d 3  8  379:e 
5  84 17 .8  43.5, 85. 6e 46 
6  43 41. ge  77.5 97.5: 2  3  :de 
> 7 
- 
2 5  45. ge 76. 6e 94.7 13 365e 
May cond i t ion  sco re  (end of l a  e  winter  t r e  tment) 
2  7  5 a 26. 6de d  
''Ode 69. 5de 4  8  11. 6ef 30.9 78. 5ef 3  9  d  37gd 
4  6  2  24.4 47.4; 89. 7f 3  7  374d 
5  45 44.98 77. 8f 93.6 3  3  3  74 
> 6 
- 
15 44. 6fg 86.2 93. 2fg 11 3 6  le 
June cond i t ion  sco re  ( t h e  begianing of t h e  F e e d i n g  seaso  ) 
< 3 
- 
2 7 2 .  gd  14.9 57.0 11 379 a 
e  4  74 16.5, 43. 2f 86.  5e 3  9  3  7  8  
5  7  5  31. Of  60.5 93. 6e 5  3  3  7  2  
>6 
- 
2 1 56.9 92. 5g 90. 7e 17 3  7  1 
C Late ca lv ing  cows 
March cond i t ion  sco re  ( p r i o r  t o  ca lv ing)  
<4 14  0 . 0  d  44.7 d  
- O ' Ode e  11 365 
5  4  1 7.5  26. Oef 74. 4f 2  9  3  5  3  
6  22 0 . 0  35. 3f 98. 5f 8  349 
> 7 
- 
6 0 . 0  65.8 99 .1  5  355 
May cond i t ion  sco re  (end of l a t e  winter  t rea tment )  
June cond i t ion  sco re  ( t h e  beginning of the  F e e d i n g  seaso  ) 
< 3 - 12 . 2  48. lde 7 365 a O ' Ode 4  2  2  9 . 5  22. 2ef 67. 2ef 9  355 
5  41 2 .3  29. 5f 87. lf 2  9  3  5 3 
>6 
- 
8 .7  66.5 100.0 8  352 
a  Grea ter  than 60 days a f t e r  ca lv ing  a t  t he  beginning of  t he  breeding  season 
( J y e )  - 
Means f o r  ca lv ing  i n t e r v a l  a r e  f o r  cond i t ion  sco res  5 3 .  
C Less than  o r  equal  t o  60 days a f t e r  ca lv ing  a t  t h e  beginning of  t h e  
b r e  d i n  season (June) .  
" e ' e ' g  Means wi th in  column and month of  cond i t ion  sco re  without  common 
s u p e r s c r i p t s  d i f f e r  (P<.05) .  
When ue igh t -he igh t  r a t i o  uas used t o  eva luate  r e l a t i o n s h i p s  betueen body c o n d i t i o n  and c a l v i n g  i n t e r v a l ,  the 
graphs shoun i n  f i g u r e s ' l  and 2  uere produced. As ue igh t -he igh t  r a t i o  a t  t he  beginning o f  t he  breeding season 
increased, c a l v i n g  i n t e r v a l  decreased (P<.05). There uas o n l y  a  s l i g h t  improvement i n  c a l v i n g  i n t e r v a l  when 
weight -he ight  r a t i o s  uere greater  than 19 Lb/inch, uh ich t rans la tes  t o  a  c o n d i t i o n  score 4. For e a r l y  ca l v ing  
cous, ue igh t -he igh t  r a t i o s  p r i o r  t o  c a l v i n g  i n  March and a  month p r i o r  t o  t he  breeding season uere no t  c l o s e l y  
r e l a t e d  t o  c a l v i n g  i n t e r v a l  (P>.20). Body c o n d i t i o n  p r i o r  t o  c a l v i n g  and i n  May uas c l o s e l y  r e l a t e d  t o  c a l v i n g  
i n t e r v a l  (P<.05) f o r  t he  Late ca lvers .  A weight -he ight  r a t i o  greater  than 20 Lb/inch p r i o r  t o  c a l v i n g  ( c o n d i t i o n  
score 4)  or  g rea te r  than 18 Lb/inch i n  May ( c o n d i t i o n  score 4) produced on l y  s l i g h t  decreases i n  c a l v i n g  i n t e r v a l .  
(Weight o f  t he  f e t u s  and d i f f e r e n c e s  i n  gut  f i l l  betueen months w i l l  a f f e c t  the r e l a t i o n s h i p  betueen ue igh t -he igh t  
r a t i o  and c o n d i t i o n  score.) 
I t  should be noted t h a t  i n  t h i s  s tudy cous uere r e a l l o t t e d  each f a l l  t o  u i n t e r  n u t r i t i o n a l  treatments. 
Although h igh  pregnancy r a t e s  uere achieved, t he  cumulat ive e f f e c t s  o f  extended c a l v i n g  i n t e r v a l s  f o r  cous t h a t  
are  t h i n  every  year cou ld  even tua l l y  r e s u l t  i n  Lower pregnancy rates. ALL cous i n  t h i s  s tudy uere graz ing n a t i v e  
range t h a t  a1 lowed cous t o  ga in  ue igh t  f o r  30 days p r i o r  t o  and du r ing  the breeding season. I n  those cases where 
such ue igh t  g a i n  i s  possible,  t he  m in imm body c o n d i t i o n  a t  t he  beginning o f  t he  breeding season appears t o  be a  
u e i g h t - h e i g h t  r a t i o  o f  19 Lb/inch o r  a  c o n d i t i o n  score 4. 
For cous t h a t  ca l ve  e a r l y  i n  t he  c a l v i n g  season, body c o n d i t i o n  a t  c a l v i n g  t ime does a f f e c t  how soon they 
beg in  t o  c y c l e  bu t  no t  necessa r i l y  c a l v i n g  i n t e r v a l .  Although no t  the o r i g i n a l  i n t e n t  o f  t h i s  study, i t  
demonstrates the  importance o f  managing y e a r l i n g  h e i f e r s  t o  ca l ve  e a r l y  i n  t he  c a l v i n g  season as two-year-o lds  t o  
have a  h igh  L i ke l i hood  o f  being pregnant i n  subsequent years. I n  t h i s  s tudy cous t h a t  ca lved e a r l y  uere ab le  t o  
u i t h s t a n d  more n u t r i t i o n a l  s t r e s s  (or  Lower body cond i t i on )  du r ing  the  u i n t e r  w i thout  a  de t r imen ta l  e f f e c t  on when 
they ca lved the  f o l l o w i n g  year. For cous t h a t  ca l ve  l a t e r  in the c a l v i n g  season, hou soon they c y c l e  f o l l o u i n g  
c a l v i n g  may L i m i t  how e a r l y  they ca l ve  the f o l l o w i n g  year. So body c o n d i t i o n  a t  c a l v i n g  becomes more important.  
A  u e i g h t - h e i g h t  r a t i o  o f  20 l b / i nch  (ue ight  inc ludes f e t a l  weight)  o r  a  c o n d i t i o n  score 4 appears t o  be the 
m in imm body c o n d i t i o n  a t  c a l v i n g  t ime t o  prevent Longer c a l v i n g  i n t e r v a l s .  
THREE-YEAR S W Y  OF PRECDWDITIONING EFFECTS ON PRE- AND 
WSTSHIPUENT PERFORWNCE OF FEEDER CALVES 
1 2 3 
R. t i .  P r i t c h a r d  , J. K. Suann and M. A. Robbins 
Department o f  Animal and Range Sciences 
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Sunnary 
p roduc t i on  e f f i c i e n c i e s  assoc ia ted u i t h  p recond i t i on ing  feeder ca lves  have been eva luated u s i n g  600 ca lves  
obta ined from f o u r  ranches over a 3-year  per iod .  Nonprecondi t ioned ca lves  remained w i t h  t h e i r  dams du r i ng  
p recond i t i on ing  and a l l  ca lves  were shipped t o  a research f e e d l o t  on the  same dates  each year.  Average d a i l y  
ga ins  o f  nonprecond i t ioned ca lves  f o r  28 days p r i o r  t o  shipment were v a r i a b l e  over  years and r e l a t e d  t o  range 
cond i t i ons .  ADG o f  nonprecondi t ioned ca lves  d u r i n g  each year uere 1.39, .21 and 2.12 Lb and d i f f e r e d  (P<.001) 
from precond i t ioned c a l f  ga ins  o f  2.18, 1.81 and .91 l b  f o r  the  39 days p r i o r  t o  shipment. P recond i t i on ing  
responses i n t e r a c t e d  w i t h  ranch and year, i n d i c a t i n g  ranch cond i t i ons  w i l l  have a s i g n i f i c a n t  impact on resu l t s .  
By weaning 30 days e a r l i e r ,  dams o f  p recond i t ioned ca lves  Lost l ess  weight d u r i n g  t h i s  same per iod .  Th i s  e f f e c t  
was more pronounced when range cond i t i ons  were poor. P recond i t i on ing  d i d  n o t  a f f e c t  f e e d l o t  m o r b i d i t y  o r  
m o r t a l i t y .  Du r i ng  the  i n i t i a l  56 days i n  t h e  feed lo t ,  p recond i t ioned ca lves  consumed more d r y  ma t te r  each year 
bu t  ga ins  uere  s i m i l a r .  There was no e f f e c t  o f  preshipnent management on ADG a f t e r  56 days on feed  and in the  
i n i t i a l  2 years  f eed  e f f i c i e n c y  was b e t t e r  f o r  nonprecondi t ioned calves.  Th is  advantage i n  f eed  e f f i c i e n c y  
c a r r i e d  through t o  s l augh te r  a t  about 240 days. 
(Key Words: Precond i t ion ing,  Feeder Calves, Cow, Ranch Gain, Feedlot  Gain, Morb id i t y . )  
I n t r o d u c t i o n  
P r e s c r i p t i v e  p recond i t i on ing  programs have been used t o  manage feeder c a l f  s t r e s s  f o r  t he  past  20 years. 
South Dakota r e v i t a l i z e d  a p recond i t i on ing  program i n  1982. The program i s  intended t o  i d e n t i f y  ca lves  t h a t  have 
been preweaned and vacc inated and thereby expected t o  s u f f e r  l ess  f rom s t r e s s  encountered d u r i n g  market ing.  
~ l t h o u g h  t h e  p r i n c i p l e s  seem sound, beef producers debate t he  economic m e r i t  o f  p recond i t i on ing .  C a t t l e  type, 
ranch cond i t i ons ,  weaning age and presumably o ther  va r i ab les  may impact t h e  m e r i t  o f  p recond i t i on ing  on d i f f e r e n t  
ranches. 
Resu l ts  o f  t he  i n i t i a l  2 years o f  t h i s  s tudy appeared i n  Last yea r ' s  p u b l i c a t i o n .  Th i s  sumnary inc ludes data  
f rom a t h i r d  year and i s  intended t o  p rov ide  ranchers and c a t t l e  feeders w i t h  performance da ta  t h a t  they  can use 
as gu ide l i nes  f o r  determin ing economic b e n e f i t s  i n  t h e i r  s p e c i f i c  s i t u a t i o n s .  
Ma te r i a l s  and Methods 
P recond i t i on ing  i nvo l ved  vacc ina t i ng  ca lves  2 weeks p r i o r  t o  weaning. Th is  i nc luded  vacc ina t i on  aga ins t  IBR, 
BVD, PI  and 7 c l o s t r i d i a  species as w e l l  as t reatment f o r  i n t e r n a l  and ex te rna l  pa ras i t es .  When necessary, 
3 
ca lves  were a l s o  c a s t r a t e d  and dehorned. A t  weaning ca lves  uere separated from the  cow he rd  and prov ided long hay 
and a complete comnercial  feed ( t a b l e  1) f o r  about 28 days. I n take  of t he  comnercial  feed was increased t o  
10 Lb/head/day as q u i c k l y  as poss ib le  and hay was prov ided ad Libi tum. Nonprecondi t ioned ca lves  uere  no t  
vacc inated a t  t h i s  t ime and remained u i t h  t h e i r  dams throughout the  p recond i t i on ing  process. 
1 
Ass i s tan t  Pro fessor .  2 
3 Former graduate ass i s tan t .  
Manager, Beef C a t t l e  and Sheep N u t r i t i o n  Un i t .  
P r o t e i n -  
A l f a l f a -  m ine ra l  Crude 
brome Mo - Corn supp l e -  p r o t e i n ,  Nern Nen 
C R a t i o n  hay Corn l a s s e s  s i l a g e  ment % Mcal/lb 
Complete p r econd i -  - - - - - - - "  - - 14 .43  . 6 1  . 34  
i n g  f e e d  ( b e f o r e  
shipment)  
Rece iv ing  (Day 1 -28 )  
High energy  39.23 51.85 2 .07 - - 7 . 0 5  14 .63  .82 - 5 3  
Low energy  10 .00  - - - - 76.89 1 3 . 1 1  1 4 . 5 6  .73  .46  
Grower (Day 29-56) 
High energy  25.00 68.47 3 .00 - - 3 .53  1 2 . 4 1  . 9 1  . 6 1  
Low energy  - - - - - - 87 .35  12 .65  12 .07  .78 .50 
a  Pe r cen t age ,  d r y  m a t t e r  b a s i s .  
During y e a r  3  a l l  c a l v e s  were f e d  t h e  low energy  d i e t s  d u r i n g  r e c e i v i n g  and 
growing p e r i o d s .  
C Supplements c o n t a i n  an  a p p r o p r i a t e  amount o f  soybean mea l ,  t r a c e  m i n e r a l i z e d  
s a l t ,  d i c a l c i u m  phospha te ,  po tass ium c h l o r i d e  and l imes tone .  
A L L  calves were weighed i n i t i a l l y  a t  vaccination, when the  precondit ioned calves were weaned and i tmediate ly  
before a l l  calves were shipped. During years 2 and 3, dams o f  a l l  calves were a lso weighed a t  the i n i t i a l  weaning 
date and on the  day calves were shipped. 
Four ranches suppl ied 50 steer  calves each dur ing the f i r s t  2 years and these calves were processed through 
an auct ion market f a c i l i t y  enroute t o  the Brookings research feedlot.  ALL calves were shipped on a cotmon date 
each o f  these years. I n  year 3 only  two ranches were involved, each supplying 50 steer  and 50 h e i f e r  calves. 
These calves were shipped d i r e c t l y  from the ranch t o  the Brookings feedlot .  
Most o f  the calves involved i n  t h i s  study were born between March 15 and May 1. They a r r i v e d  a t  the feedlot  
i n  e a r l y  November each year. I n  the feedlot  nonpreconditioned calves received the same vacc inat ion and paras i te  
treatments tha t  had been used on the ranch. Calves were sor ted by p r e s h i p e n t  management and i n i t i a l  weight and 
i n  year 3 by sex and placed on e i t h e r  a high concentrate o r  high corn s i l age  receiv ing program ( t a b l e  1). Calves 
were monitored d a i l y  f o r  the  i n i t i a l  28 days f o r  symptoms o f  i l l ness .  Points were assigned f o r  i l l n e s s  symptoms 
(runny nose o r  eyes, depressed appearance, fever).  Points and treatment days were used t o  compared management 
e f f e c t s  on morbidi ty.  
Results and Discussion 
--
The f i r s t  year o f  t h i s  study represented typ ica l  range and weather condit ions. The second year included an 
extremely d r y  sumner wi th  l i m i t e d  forage a v a i l a b i l i t y  and heavy snow 2 weeks before calves Lef t  the ranch. During 
the t h i r d  year range condi t ions were excel lent.  
Performance o f  calves on the ranch during the Last 4 weeks before s h i p e n t  represents the t ime when 
precondit ioned calves were weaned and adapting t o  a feeding program and nonpreconditioned calves were s t i l l  w i th  
t h e i r  dams. Gains dur ing t h i s  per iod were h i g h l y  va r iab le  between ranches and years ( tab le  2 ) .  Management scheme 
in te rac ted  wi th  ranch and year such tha t  we cannot make general inferences tha t  would apply t o  a l l  s i tua t ions .  
TABLE 2. EFFECT OF PRESHIPMENT MANAGEMENT ON PSEgHiPMENT CALF AVERAGE 
DAILY GAINS BY RANCH AND YEAR ' ' 
Ranch 
Year 1 2 3 1 2 1 2 1 2 3 
a Management effect (P<.001). 
Ranch effect in year 3 (P<.001) . 
C Management x ranch effect (P<.001). 
Nonpreconditioned treatment. 
e Preconditioned treatment. 
Overal l  precondi t ion ing increased ADG dur ing t h i s  per iod the f i r s t  2 years and depressed ADG dur ing year 3. 
I n  p e r t  t h i s  i s  due t o  the large v a r i a t i o n  i n  nonpreconditioned c a l f  gains uhich r e f l e c t  range condit ions. Poor 
gains by precondit ioned calves i n  year 3 on one ranch may ind icate there uere some subacute heal th  problems i n  
t h i s  group. I t  i s  not su rp r i s ing  that  i n  1 out o f  10 groups of preconditioned calves t h i s  could occur due t o  the 
s t ress  o f  ueaning. 
Dams uere weighed i n  years 2 and 3 t o  determine the e f fec t  of e a r l i e r  weaning on cow weights. Presumably 
e a r l y  ueaning would r e s u l t  i n  improved cow condi t ion which may louer u i n t e r  feed needs. This may be an important 
considerat ion when cow condi t ion i n  the ear l y  f a l l  i s  poor and u i n t e r  feed i s  Limited i n  q u a l i t y  o r  quant i ty .  
Cou weight changes from preconditioned ueaning t o  shipnent date uere affected by management scheme (P<.001) 
and Like c a l f  gains were va r iab le  between ranches and years ( tab le  3 ) .  For t h i s  per iod from e a r l y  October t o  
ear l y  November, cows nursing calves uere Losing weight even u i t h  excel lent  condit ions dur ing year 3. 
TABLE 3. EFFECT OF EARLY WEANING AND YEAR ON COW WEIGHT CHANGES 
Year 2 Year 3 
I tem coa pcb s EM c o PC s EM 
Initial wt, lb 1018 1003 13 1128 110 3 12 
Weight change, lbC - 55 - 20 4 - 21 3 2 
a Nonpreconditioned treatment. 
Preconditioned treatment. 
C Least squares means within years differ (P<.001). 
Precondit ioning d i d  not a f f e c t  heal th  o f  calves i n  the feedlot  as we evaluated i t. There uas no e f f e c t  on 
the frequency or extent o f  i l l n e s s  symptoms or the treatment head days that  could be a t t r i b u t e d  t o  preshipment 
management. 
performance dur ing the i n i t i a l  receiv ing per iod (28 days) was af fected by p r e s h i p e n t  management ( tab le  4).  
Preconditioned calves consumed more d ry  matter and had greater ADG than nonpreconditioned calves dur ing years 1 
and 2. I n  year 3, ADG was s i m i l a r  although preconditioned calves again consumed more d r y  matter and uere Less 
e f f i c i e n t .  
TABLE 4. EFFECT OF PRECONDITIONING ON THE FEEDLOT RECEIVING PERIOD 
GAINS OF FEEDER CALVES 
I tem 
Years 1 and 2a Year 3 b 
coc Prob pee CO Prob PC d 
Feedlot arrival wt, lb 
Days 1-28 
ADG, lb 
DMI, lb 
F/G 
Days 29-56 
ADG, lb 
DMI, lb 
F/G 
Days 1-56 
ADG, lb 
DMI, lb 
F/G 
a 
b Least squares means for years 1 and 2 in pooled analysis. Least squares means for year 3. 
C Nonpreconditioned treatment. 
Probability that adjacent means differ . 
e Preconditioned treatment. 
I n i t i a l  ga in advantages seen i n  years 1 and 2 f o r  preconditioned steers disappeared by 56 days on feed 
( tab le  4 ) .  When considering c m l a t i v e  performance, preconditioned calves consumed more d r y  matter (P<.05) but 
d i d  not maintain t h e i r  advantage i n  ADG. A f t e r  56 days i n  years 1 and 2 ,  nonpreconditioned calves had improved 
feed e f f i c i e n c y  which they maintained u n t i l  s laughter fo l lowing 242 days on feed. I n  year 3 ,  there were no 
d i f ferences i n  ADG o r  F/G a t  56 days a t t r i b u t a b l e  t o  precondit ioning. 
This t r i a l  was designed so tha t  precondit ioning would not  change a rancher's intended marketing date. 
Therefore, precondit ioned calves were weaned about 30 days e a r l i e r  than normal. When range condi t ions were poor 
(year 2 ) ,  t h i s  appeared t o  be an e f f e c t i v e  management t o o l  f o r  ranchers t o  consider. Under more favorable 
condit ions, i t  was not economically feas ib le  t o  wean and precondit ion calves i n  l i e u  o f  Leaving them on grass with 
t h e i r  dams. If delaying marketing u n t i l  30 days a f t e r  normal weaning i s  an acceptable opt ion, gains fo r  those 
calves would be s i m i l a r  t o  the preshipnent gains we have reparted and could be used i n  a break-even pro ject ion.  
I n  our feedlot  f a c i l i t y ,  precondit ioning d i d  not o f f e r  any advantages i n  c a l f  hea l th  o r  performance except 
tha t  there was no vaccinat ion cost f o r  preconditioned calves. A f t e r  56 days on feed and through slaughter, feed 
e f f i c iency  was the only  va r iab le  a f fec ted  by precondit ioning and t h i s  favored nonpreconditioned calves. 
These calves o r ig ina ted  i n  western South Dakota. They were trucked 350 t o  400 miles and dur ing 2 years 
remained overnight i n  an auct ion market enroute t o  the feedlot.  This on ly  represented about 24 hours from the 
time they Le f t  the ranch u n t i l  they a r r i ved  a t  the feedlot.  Presumably precondit ioned calves would not be i n  
marketing channels any Longer than th is ,  s ince assurances of previous ownership are included i n  the South Dakota 
program. Nonpreconditioned calves might be exposed t o  more s t ress i f  they are assembled over several days. 
Assurances tha t  calves are r e l a t i v e l y  fresh and from a comnon o r i g i n  may be a primary advantage o f  buying 
c e r t i f i e d ,  precondit ioned feeder calves. 
FEEDING HIGH GRAIN D I E T S  TO STEER C A L M S  WITH 
DIFFERENT FEEDLOT ARRIVAL E I G H T S  
R. H. P r i t c h a r d  
1 
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Crossbred s tee r  ca lves (384 head) were used i n  a 2-year  study t o  determine t h e  e f f e c t s  o f  f e e d l o t  a r r i v a l  
weight and d i e t  concentrate Levels on f e e d l o t  performance and carcass var iab les .  Steers were separated i n t o  L igh t  
(434 Lb), medium (486 Lb) and heavy (533 l b )  groups based upon weights when they a r r i v e d  a t  t h e  feed lo t .  A Low 
energy (LE) co rn  s i l a g e  rece i v ing  and growing system was compared w i t h  a h igh energy (HE) system t h a t  invo lved 
feed ing r e l a t i v e l y  h igher  Levels o f  g r a i n  du r ing  rece i v ing  and growing per iods. Calves were f e d  t o  s i m i l a r  
fa tness endpoints. Rate o f  g a i n  was s i m i l a r  f o r  weight groups, bu t  L igh te r  ca lves requ i red  more days on feed and 
were more e f f i c i e n t .  L i g h t e r  calves a l s o  gained mare weight i n  t he  f e e d l o t  when s laughtered a t  a constant f a t  
endpoint and weighed Less than heav ier  a r r i v a l  weight groups. High g r a i n  feed ing du r ing  r e c e i v i n g  and growing 
per iods improved o v e r a l l  d a i l y  ga ins  and feed e f f i c i e n c y  bu t  caused s tee rs  t o  reach t h e  comnon f a t  endpoint a t  
L igh te r  weights. There were no i n t e r a c t i o n s  between a r r i v a l  weight groups and feed ing system. Nonfeed costs  per 
u n i t  s laughter  weight were s i m i l a r  f o r  each feeding system, i n d i c a t i n g  feed resources and f e e d l o t  tu rnover  r a t e  
should be pr imary  f a c t o r s  used i n  dec id ing  which feeding system t o  employ. 
(Key Words: Steer Calves, Growing System, High Grain, Carcass.) 
I n t r o d u c t i o n  
Frequent ly  economic cond i t i ons  e x i s t  when min imiz ing the  roughage component o f  feeder c a t t l e  d i e t s  reduces cost  
o f  gain. High concentrate feed ing has become t h e  norm f o r  feeding y e a r l i n g  c a t t l e ,  bu t  newly weaned ca lves are 
t y p i c a l l y  no t  f e d  h igh  g r a i n  d ie t s .  I n  some instances t h i s  i s  because of fo rage a v a i l a b i l i t y  and(or) p r i ce .  A 
concern t h a t  feed ing h i g h  g r a i n  d i e t s  t o  calves w i l l  depress performance du r ing  the  l a t t e r  p a r t  o f  t h e  feed ing pe r iod  
and w i  11 reduce market weight i f  c a t t l e  a r e  s laughtered w i t h  s i m i l a r  c o n d i t i o n  a l s o  causes producers t o  background 
t h e i r  calves. 
Data c o l l e c t e d  f o r  o the r  purposes were a v a i l a b l e  as an example o f  how c a l f  weaning weight and f e e d l o t  growing 
program a f f e c t  economical ly important product ion var iab les .  R e l a t i v e  responses a t t r i b u t a b l e  t o  f e e d l o t  a r r i v a l  weight 
and d i e t  a r e  intended t o  serve as t o o l s  t o  a i d  the  decis ion-making process f o r  feeders t h a t  feed ca lves and ranchers 
t h a t  i n tend  t o  r e t a i n  ownership o f  t h e i r  c a l f  c rop through slaughter.  
Ma te r i a l s  and Methods 
Calves used in  p recond i t i on ing  s tud ies  sumnarized elsewhere i n  t h i s  repo r t  were a l l o t t e d  t o  8-head pens by 
preshipment t reatment and feed lo t  a r r i v a l  weight. Weight a l lo tment  was done on the  bas i s  o f  L ight  (LUG), medium ( M w G )  
and heavy (HUG) weight calves from each ranch invo lved i n  t he  preshipment study. Two ca lves from each ranch were 
represented in  each pen f o r  each weight group. Calv ing season among ranches was s i m i l a r  and i n  general  Lasted Less 
than 70 days. 
Two feed ing programs were used from feed lo t  a r r i v a l  through s laughter .  The Low energy (LE) program inc luded 
growing ca lves on a h igh  roughage d i e t  du r ing  the  i n i t i a l  112 days on feed fo l l owed  by h igher  g r a i n  d i e t s  du r ing  t h e  
f i n i s h i n g  phase ( t a b l e  1). The h igh  energy (HE) program was 75% concentrate d u r i n g  the  growing phase and a 90% 
concentrate d i e t  was fed  from 112 days on feed u n t i l  s laughter.  
l ~ s s i s t a n t  Professor.  
D i e t  
P r o t e i n -  
A l f a l f a -  m i n e r a l  Crude 
brome Mo- Corn s u p p l g -  p r o t e i n ,  NEm NEg 
hay  Corn l a s s e s  s i l a g e  ment % Mcal/lb 
R e c e i v i n g  (Day 1 - 2 8 )  
High e n e r g y  39.23 51 .85  2 .07 - - 7 . 0 5  14 .63  .82  . 5 3  
Low energy  1 0 . 0 0  - - - - 76.89 1 3 . 1 1  1 4 . 5 6  . 7 3  .46 
Grower (Day 29-112) 
High e n e r g y  25.00 68 .47  3 .00  - - 3 . 5 3  1 2 . 4 1  . 9 1  . 6 1  
Low e n e r g y  - - - - - - 87.35 1 2 . 6 5  1 2 . 0 7  . 7 8  .50  
F i n i s h i n g  
High energy  
(Day 113-end 
o f  t r i a l )  1 0 . 0 0  82.15 3 .00 - - 4 . 8 5  1 1 . 0 5  . 9 5  .65 
Low energy  
(Day 113-168)c  - - 46.17 - - 46.18 7 .65  1 1 . 0 9  .87  .59 
(Day 169-232) - - 64.34 3 .50  25 .81  6 . 3 5  1 0 . 7 8  .92 .63  
a P e r c e n t a g e ,  d r y  m a t t e r  b a s i s .  
Supplements c o n t a i n  a n  a p p r o p r i a t e  amount of soybean mea l ,  t r a c e  
m i n e r a l i z e d  s a l t ,  d i c a l c i u m  phospha te ,  p o t a s s i u m ,  c h l o r i d e  and l i m e s t o n e .  
C On day 232,  a l l  remain ing  c a t t l e  were p l a c e d  on t h e  h i g h  e n e r g y  f i n i s h i n g  
d i e t  t o  t h e  end  o f  t h e  t r i a l .  
Cat t le  were slaughtered when mean r i b  f a t  depth f o r  a pen reached .4 inch. Fat depth was determined using a 
a t  2-week i n t e r v a l s  as steers approached slaughter condi t ion a t  a loca t ion  s i m i l a r  t o  where carcass r i b  f a t  wouLd 
be measured us ing a Cook's probe. Hot carcass weights and federa l l y  assigned carcass y i e l d  and q u a l i t y  grades 
were recorded a t  slaughter. 
Twenty-four pens (192 head) o f  crossbred steers were used each year. The study was conducted on c a l f  crops 
from the same ranches f o r  two consecutive years. Since i n i t i a l  weight groups were rep l icated,  i t  was possible t o  
evaluate the e f f e c t s  o f  d i e t a r y  energy and i n i t i a l  weight on feedlot performance and carcass character is t ics .  
Data were analyzed as a 2 x 2 x 3 x 2 f a c t o r i a l  representing preshipment treatment, d i e t ,  i n i t i a l  weight group and 
year, respect ively. The f i n a l  analys is  o f  variance included only  those in te rac t ions  found s i g n i f i c a n t  (P<.05) i n  
the complete model. Growth and feed data were analyzed on a pen mean basis. Carcass data were analyzed using 
ind iv idua l  animal records. ALL tabular data reported represent Least squares means f o r  weight groups o r  d ie ts .  
Results and Discussion 
--
When c a t t l e  i n  a feeding t r i a l  are not  slaughtered on a comnon date, i t  i s  important t o  achieve a constant 
compositional endpoint, s ince fa t ten ing  reduces product ion e f f i c ienc ies .  Rib f a t  thickness i s  a good general 
i nd ica to r  o f  r e l a t i v e  carcass f a t  content, hence i t s  use t o  establ ish slaughter dates. When y i e l d  and q u a l i t y  
grade data are considered as fu r the r  ind icat ions o f  f a t  content, no d i f ferences between i n i t i a l  weight groups 
existed. However, there were d i e t  e f fec ts ,  i nd ica t ing  tha t  a l l  c a t t l e  may not have been a t  a constant f a t  
endpoint, but di f ferences were small and ignored f o r  purposes o f  t h i s  example. 
There was about a 50-Lb d i f fe rence  between mean c a l f  a r r i v a l  weights f o r  each weight group (P<.001). A 
general observat ion was tha t  frame s ize  d i f ferences were probably greater between ranches than w i t h i n  a ranch. 
Therefore, by our al lotment procedure, frame s ize  d i f ferences were s t r a t i f i e d  across pens and a r r i v a l  weight 
d i f ferences would Largely r e f l e c t  age, dam m i l k  production and e a r l y  growth po ten t ia l  of the c a l f .  
Feedlot  growth r a t e  ( t a b l e  2) d i d  no t  d i f f e r  between weight groups (P>.10), a l though days on feed d i d  
(p<.01). Because o f  a d d i t i o n a l  days on feed, l i g h t e r  ca lves  gained more weight i n  t he  f e e d l o t  (P<.Ol) bu t  
remained l i g h t e r  a t  s laughter  (P<.01). Approximately h a l f  o f  t he  d i f f e r e n c e  i n  a r r i v a l  weight between weight 
groups was made up w h i l e  s t e e r s  uere  i n  t he  f eed lo t .  
TABLE 2. FEEDLOT PERFORMANCE OF STEERS ARRIVAL WEIGHT 
GROUP AND FEEDING SYSTEM 
Arrival weight group feed in^ system 
Item LWG MWG HWG Prob< HE LE Prob< 
Arrival wt, lb 
Slaughter wt, lb 
Feedlot gain, lb 
Days on feed 
Hot carcass wt, lb 
Quality gra e 
Yield grade g c  
Average daily gain, lb 
Dry matter intake,lb/day 
Feed/gain 
a 
Least squares means. 
Probability value for main effect differences. 
C Federally assigned quality grade 1 = prime, 2 - choice, 3 = good. 
Federally assigned yield grade. 
e 
Main effects are not different (P>.06). 
D a i l y  d r y  ma t te r  i n t a k e  was lower and feed e f f i c i e n c y  was improved (P<.001) f o r  l i g h t e r  calves.  Ha l f  o f  t he  
s tee rs  i n  each d i e t - w e i g h t  group were precondi t ioned. Precond i t ioned ca lves  had heav ier  a r r i v a l  weights, consumed 
more d r y  mat ter  and uere  l ess  e f f i c i e n t  than nonprecondi t ioned calves.  By eva lua t i ng  da ta  as we have f o r  t h i s  
repo r t ,  i t  appears t h a t  poorer f e e d l o t  e f f i c i e n c y  assoc ia ted w i t h  p recond i t i on ing  may be a t t r i b u t e d  t o  heav ier  
c a l f  a r r i v a l  weights. 
S teers  f e d  t h e  h i g h  energy d i e t  were i n  the  f e e d l o t  fewer days, gained f a s t e r  and were more e f f i c i e n t  than 
s tee rs  f e d  t h e  low energy d i e t  ( t a b l e  2). As i nd i ca ted  e a r l i e r ,  HE s tee rs  had s l i g h t l y  h ighe r  q u a l i t y  and y i e l d  
grades, i n d i c a t i n g  they  were over fed r e l a t i v e  t o  LE s teers .  D i e t s  were managed based on rece i v i ng ,  growing and 
f i n i s h i n g  per iods .  HE s tee rs  performed b e t t e r  i n  each o f  these per iods  and a depression i n  performance d u r i n g  the 
f i n i s h i n g  phase was n o t  ev ident  ( t a b l e  3 ) .  
Slaughter  and carcass weights were L igh te r  f o r  HE s tee rs  ( t a b l e  2) when l i v e  r i b  f a t  reached .4  inch, 
i n d i c a t i n g  HE d i d  increase the r a t e  o f  f a t  depos i t ion .  Since carcass weights f rom bo th  groups f e l l  w i t h i n  the  
packing i n d u s t r y ' s  d e s i r e d  range, t he  most important cons ide ra t i on  o f  t h e  l i g h t e r  s l augh te r  weight i s  reduced 
t o t a l  f eed lo t  gain.  L i g h t e r  s laughter  weights increase the purchase p r i c e  e f f e c t  on break-even s laughter  p r i c e .  
TABLE 3. INTERIM FEEDLOT PERFORMANCE OF SZEERS FED DIFFERENT 
HIGH OR LOW ENERGY DIETS 
Feeding system 
Item HE LE Prob b 
Receiving period (1-28 days) 
Initial wt, lb 
Average daily gain, lb 
Dry matter intake, Ib/day 
Feed/gain 
Growing period (29-112 days) 
Starting wt, Ib 
Average daily gain, bb 
Dry matter intake, Ib/day 
Feed/gain 
Finishing period (113 days-end) 
Starting wt, Ib 
Finab wt, lb 
Average daily gain, lb 
Dry matter intake, lb/day 
Feed/gain 
a Least squares means. 
Probability value for main effect differences. 
C Main effects are not different (P>.05). 
There were no in te rac t ions  evident i n  t h i s  study. I n  other words, the di f ferences between feeding programs 
uere s i m i l a r  regardless o f  the a r r i v a l  weight group. Decisions on which feeding system t o  use are s i m p l i f i e d  uhen 
no in te rac t ions  ex is t .  Nonfeed costs per cu t  ga in f o r  HE and LE systems were $39.89 and $39.31, respect ively. 
This included purchase, processing, in te res t  and yardage costs based on days on feed and t o t a l  gains o f  each 
group. Decisions on which system t o  use would therefore be based on feed resources, market target  dates and 
whether you u ish t o  feed one o r  two groups o f  c a t t l e  through a pen each year. 
RIMEN INJECTABLE PROBIOTIC AND PROBIOTIC FEED ADDITIVE 
FOR NEWLY ARRIVED FEEDLOT tATTLE 
1 
J. J. Wagner 
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The e f f e c t  o f  rumen i n j e c t a b l e  m ic rob ia l s  and m ic rob ia l  feed a d d i t i v e s  on feed lo t  performance and hea l th  were 
monitored i n  a  28-day rece i v ing  t r i a l .  Average d a i l y  d r y  mat ter  i n take  and ga in  and feed conversion were 9.75 
lb/day, 3.78 lb/day and 2.59 l b  f eed / l b  gain, respect ive ly ,  and were no t  s i g n i f i c a n t l y  d i f f e r e n t  between 
treatments. There appeared t o  be no advantage t o  us ing  p r o b i o t i c s  i n  t h i s  t r i a l .  
(Key Words: Receiving Program, P r o b i o t i c  Feed Addi t ive ,  P r o b i o t i c  Rumen In jec t i on . )  
I n t r o d u c t i o n  
Newly a r r i v e d  feeder c a t t l e  have t y p i c a l l y  undergone tremendous s t ress.  How these c a t t l e  a re  managed du r ing  
the  f i r s t  few days a t  t h e  l o t  o f t e n  determines t h e i r  subsequent performance and p r o f i t a b i l i t y  du r ing  the  feeding 
per iod. S t a r t i n g  c a t t l e  on feed r a p i d l y  i s  c r i t i c a l  i n  order t o  o b t a i n  optimum performance and maximum imnune 
response. 
The o b j e c t i v e s  o f  t h i s  research were t o  determine t h e  e f f e c t s  of  rumen i n j e c t a b l e  and feed a d d i t i v e  
m i c r o b i a l s  on performance, m o r b i d i t y  and m o r t a l i t y  du r ing  the  i n i t i a l  14 and 28 days i n  t h e  feed lo t  and the  
optimum feed ing r a t e  o f  t he  m ic rob ia l s .  
Ma te r i a l s  and Methods 
One hundred n i n e t y - t w o  Angus s tee rs  were purchased from one western South Dakotarancher  and t ranspor ted t o  
the Southeast South Dakota Experiment Farm near Beresford (400 mi les) .  C a t t l e  a r r i v e d  du r ing  the  n i g h t  and were 
processed the  f o l l o w i n g  morning. C a t t l e  were t r e a t e d  f o r  grubs and l i c e ,  vaccinated f o r  IBR, BVD, P I  and were 
3  g iven t h e i r  i n i t i a l  7-way c l o s t r i d i a l  b a c t e r i n  i n j e c t i o n  on the ranch. Processing a t  t h e  f e e d l o t  inc luded ear 
tagging, imp lan t i ng  w i t h  Synovex-S, vacc inat ing w i t h  7-way c l o s t r i d i a l  b a c t e r i n  booster and i n j e c t i n g  t h e  rumen 
w i t h  m ic rob ia l s  i f  appropr ia te .  C a t t l e  were double weighed i n i t i a l l y  a t  14 and 28 days f o l l o w i n g  overn ight  
wi thdrawal o f  feed and water. 
C a t t l e  were s t r a t i f i e d  by weight and a l l o t t e d  t o  f i v e  treatments. reatments cons is ted o f  (1)  c o n t r o l  - no 
b 2 , i  i n t ra rumina l  i n j e c t i o n ,  no feed add i t i ve ,  2) i n t ra rumina l  i n j e c t i o n  only,  (3) i n t ra rumina l  i n j e c t i o n  and 
p r o b i o t i c  feed add.t ive3 con ta in ing  500 x 10 organisms, (4) i n t ra rumina l  i n j e c t i o n  and p r o b i o t i c  feed a d d i t i v  b 
con ta in ing  2  x  10 organisms and (5 )  i n t ra rumina l  i n j e c t i o n  and p r o b i o t i c  feed a d d i t i v e  con ta in ing  20 x  10 5 
organisms. Treatments 1  through 4  cons is ted o f  f i v e  pens per t reatment and treatment 5  cons is ted o f  f o u r  pens. 
A l l  pens contained e i g h t  c a t t l e .  
A l l  c a t t l e  were f e d  a  standard rece i v ing  d i e t  ( t a b l e  1) once d a i l y  (am). A 1-Lb package per  pen conta in ing 
t h e  p r o b i o t i c  feed a d d i t i v e  was top  dressed on t h e  appropr ia te  t reatment r a t i o n s  d a i l y .  A I - l b  sham package was 
top  dressed on t h e  c o n t r o l  and i n t ra rumina l  i n j e c t i o n  treatments. C a t t l e  on t h e  c o n t r o l  t reatment were g iven a  
sham i n j e c t i o n  o f  water i n t o  the  rumen. 
'Ass is tant  Professor.  
'Del ivery system developed by Syntex Animal Health, West Des Moines, IA. 
3Product o f  T r i p l e  I1F" Products, Des Moines, IA. Primary m ic rob ia l  product i s  Streptococcus facium. 
45 
Heal th  o f  t h e  c a t t l e  was monitored d a i l y .  A f i v e - p o i n t  sco r ing  system was u t i l i z e d  t o  descr ibe i l l n e s s .  
C a t t l e  were assigned 1 p o i n t  f o r  discharge from the  eyes, 1 po in t  f o r  discharge from t h e  nose, 1 po in t  f o r  
depressed appearance and 2 p o i n t s  f o r  a temperature o f  105 F o r  greater .  
TABLE 1. DIET FED TO CATTLE 
Ingredient 
Amount, % 
of dry 
matter 
High-moisture corn 
Corn silage 
Alfalfa hay 
Supplement 
Soybean meal 
Dical 
Limes tone 
Trace miner ized salt % Vitamin A-30 
Rumensin 60' 
Analysis 
Cru e protein 
NEg 
$ 
Calcium 
Phosphorus 
Potassium 
a Composition, minimum percentage, NaC1, 9 6 . 0 ,  
Zn .350, Mn .200, Fe .ZOO, Mg .150, Cu .030, 
I .g07, Co .005. 
30,000 IU vitamin A/gram. 
C 60  g monensin/lb. 
Net energy for gain, Mcal per cvt dry 
matter. 
Resul ts  and Discussion 
Performance da ta  o f  t h e  c a t t l e  du r ing  the  f i r s t  14 and 28 days i n  t h e  feed lo t  a re  d i sp layed  i n  t a b l e  2.  
C a t t l e  weighed 516 l b  near t h e  ranch and shrank 9.1% i n  t r a n s i t .  This heavy sh r ink  may have con t r i bu ted  t o  t h e  
h igh  average d a i l y  gains and tremendous feed conversions t h a t  were observed i n  t h i s  study. 
D a i l y  d r y  mat ter  intake, average d a i l y  ga in  and feed conversion were not s i g n i f i c a n t l y  d i f f e r e n t  f o r  any o f  
t h e  treatments.  However, c o n t r o l  c a t t l e  tended t o  have greater  average d a i l y  gains and more e f f i c i e n t  feed 
conversion than c a t t l e  t r e a t e d  w i t h  t h e  i n t ra rumina l  m ic rob ia l  i n j e c t i o n .  
Treatment b 
Initial wt, lb 47 1 469 469 468 474 
ADG 14, lb 4.35 3.83 3.75 3.82 4.32 
ADG 28, lb 4.06 3.62 3.61 3.71 3.92 
DM1 14, lb 6.43 6.33 6.36 6.37 6.42 
DM1 28. lb 9.71 9.70 9.71 9.73 9.91 
a Least squares means. 
Treatment 1 = control, no injection, no feed additive; treatment 2 = 
ruminal injection, no feed additive; treatment 3 = ruminal injection, level one 
additive; treatment 4 - ruminal injection, level two additive; treatment 5 = 
ruminal injection, level three additive. 
C ADG = average daily gain, DM1 - dry matter intake, F/G = feed/gain, 14 = 
day 14 and 28 = total trial. 
Health data  are  d i sp layed  in  t a b l e  3. C a t t l e  shrank 9.1% i n  t r a n s i t  and were processed a f t e r  r e s t i n g  5 hours 
a t  t h e  Lot. A l i g h t ,  c o l d  d r i z z l e  p e r s i s t e d  throughout t h e  morning and tu rned  i n t o  f reez ing  r a i n  by evening. 
Rain changed t o  snow du r ing  the  n i g h t .  I n  s p i t e  o f  these cond i t ions,  very  L i t t l e  s ickness was observed i n  t h e  
c a t t l e .  Only 26 head were t r e a t e d  w i t h  oxy te t racyc l i ne  and sulfamethazine. Of  these t r e a t e d  c a t t l e  o n l y  1 head 
was t r e a t e d  a  second time. 
Treatment 
Item 1 2 3 4 5 
Head days b 
C Score 
Repulls d 
a Cumulative data. 
Total cattle exhibiting symptoms of illness. 
C Cattle were assigned 1 point for discharge from the eyes, 1 point for 
discharge from the nose, 1 point for depressed appearance and 2 points for 
tem erature of 105 F or greater. 8 Cattle that were treated a second time. 
These data  demonstrate no advantage t o  us ing  the  i n t ra rumina l  p r o b i o t i c  i n j e c t i o n  o r  t h e  p r o b i o t i c  feed 
add i t i ve ,  even though these c a t t l e  were subjected t o  considerable s t ress  i n  t r a n s i t  and upon a r r i v a l  a t  t h e  l o t .  
EFFICACY OF TERMINATOR? W-COW@MD Y-TEX EXPERIMENTAL IMPREGNATED 
EAR TAG (NC.602TC) FOR THE CONTROL OF RESISTANT WWLATIONS 
OF THE HORN FLY I N  SOUTH DAKOTA DURING 1987 
1 
Emnett R. Easton and G l e n  B e m e t t  2 
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Insec t i c ide  impregnated ear tags containing Diazinon o r  Dursban/cypermethrin combinations when appl ied a t  the 
r a t e  o f  two tags per cow were more e f f e c t i v e  f o r  the contro l  o f  horn f l i e s  than tags tha t  were appl ied a t  the r a t e  
o f  one per cow. With the ~ e r m i n a t o f l  ear tag, the percentage contro l  diminished a f t e r  8 t o  10 weeks when one tag 
was present, but  the percentage controt  remained constant over a per iod o f  15 weeks wi th  two tags per cow. With 
the Max-Con@ tag con t ro l  was Less sa t i s fac to ry  a f t e r  6 weeks when on ly  one tag per cow was appl ied, but good 
con t ro l  was received a f t e r  15 weeks on animals where two tags per cow were used. 
(Key Words: Diazinon, Chlorpyri fos, Cypermethrin, Insec t i c ide  Impregnated Ear Tags, Control, Horn F l ies. )  
In t roduct ion 
Horn f l i e s  are o f t e n  con t ro l led  i n  range beef c a t t l e  operations i n  South Dakota through the use o f  dust bags, 
backrubbing devices, insec t i c ide  impregnated ear tags or wi th  a combination mineral feeder/spray device c a l l e d  the 
l1FLy-bustert1 which has recen t l y  been developed. Ranchers i n  western South Dakota seem t o  p re fe r  the use o f  ear 
tags over other devices, however, s ince the enployment o f  ear tags f i t s  be t te r  wi th  t h e i r  management s t ra tegies 
that  invo lve the r o t a t i o n  o f  herds among two o r  more pastures during the course of the sumner season. A 5 0 - f o l d  
Level o f  res is tance was discovered i n  horn f l y  populations west of the Missouri  River i n  1986 tha t  had r o u t i n e l y  
been con t ro l  l e d  f o r  several years using synthet ic  pyrethro id impregnated insec t i c ide  ear tags containing 
fenvalerate or permethrin (Easton, 1986a,b). A need ex is ted t o  examine ear tags containing a l te rna te  insect ic ides 
tha t  could con t ro l  these res is tan t  f l i e s .  The Max-Con tag containing 5.0% ch lo rpy r i fos  and 7% cypermethrin with 
synergist provided excel lent  contro l  o f  res is tan t  horn f l i e s  under experimental condi t ions i n  western South Dakota 
i n  1986. These r e s u l t s  allowed the State Department of Agr icu l ture t o  issue a specia l  24C s t a t e  Label so tha t  the 
Max-Con tag cou1.d be so ld  by farm stores i n  South Dakota i n  1987. The South Dakota pes t i c ide  impact assessment 
comnittee (SDPIAC) ruled, however, tha t  on ly  one tag per animal was s u f f i c i e n t  t o  con t ro l  the res is tan t  f l i e s .  
South Dakota was the on ly  s t a t e  i n  the na t ion  t o  requi re tha t  on ly  one tag per cow be allowed t o  con t ro l  horn 
f l i e s .  Other s tates approving the tag requi re a tagging r a t e  o f  two per animal. 
Research r e s u l t s  from other s tates a l l  ind icated tha t  two tags per cow w i l l  provide be t te r  con t ro l  than one 
tag per cow. I t  was necessary t o  determine i f  there was essen t ia l l y  any d i f fe rence  i n  con t ro l  with the use o f  one 
tag o r  two tags per head. The SDPIAC a lso  recomnended a special  s ta te  24C Label f o r  the Terminator ear tag even 
though t h i s  tag had not been tested prev ious ly  i n  South Dakota. 
Mater ia ls  and Methods 
Terminator3 insec t i c ide  impregnated ear tags containing 20% Diazinon organophosphate insec t i c ide  were appl ied 
a t  the r a t e  o f  two tags per head on a herd owned by Dave Larson near Flandreau, Moody County. Tags Mere a lso 
appl ied a t  the r a t e  o f  one tag per animal t o  Black Baldy steers a t  the Range and Livestock Research S ta t ion  i n  
Jackson County and t o  a herd owned by Chandlor Shippy near Colome, Tr ipp County. A con t ro l  herd i n  which no 
treatments were appl ied was provided by M r .  V in t  Will iams i n  Jackson County. 
1 
Associate Professor o f  E n t m l o g y .  
'Ag Research Technician, Range and Livestock Research Stat ion, Phi 1 ip, SD. 
3Fermenta Animal Health, Kansas Ci ty ,  MO. 
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An experimental insec t i c ide  impregnated ear tag4 was appl ied at  the r a te  of two tags per head on c a t t l e  at  
the Range and Livestock Research Stat'on. The Max-Con ear tag containing 5% chlorpyr i fos,  7% cypermethrin 1 
synergized wi th 3.5% piperonyl butoxide was appl ied a t  the r a t e  of one tag per head and a t  the r a t e  o f  two tags 
per head on separate herds owned by M r .  V int  U i l l i ams near Cottonwood, Jackson County. 
F L Y  counts were car r ied  out biweekly from May 28 through September 30 during morning hours i n  which horn 
f l i e s  were counted on the one side of 15 animals per herd including the contro l .  The percentage contro l  was 
calcu lated by subtract ing the mean number of horn f l i e s  per count from the mean number o f  horn f l i e s  i n  the 
contro l  herd and then d i v i d i ng  by the mean number of horn f l i e s  i n  the contro l  herd times 100. Means and standard 
e r ro rs  were computed f o r  each sampling date. 
Results and Discussion 
--
Terminator ear tags appl ied a t  the r a te  o f  one per animal provided an average mean percentage contro l  of 84.5 
and 82.7%, respect ive ly  ( tab le  11, a t  the C o l m  and the Cottonwood s i t es  while contro l  was 10% higher (92.0%) 
where two tags were appl ied per head on the Flandreau herd. 
Excel lent contro l  o f  horn f l i e s  was present with the experimental Y-Tex product a t  Cottonwood (93.0%, 
table 2). The Max-Con ear tags when appl ied a t  the ra te  o f  one per animal provided only 64.8% contro l  ( tab le  2) 
o f  res is tan t  f l i e s .  However, the Max-Con ear tags appl ied at the r e c m n d e d  tagging ra te  o f  two per cow provided 
horn f l y  reduction o f  88.8%. Two tags per cow should be used i n  the fu tu re  which i s  consistent with research 
resu l ts  obtained i n  other states as wel l  as in South Dakota. 
I n  general, the numbers o f  horn f l i e s  on pastured c a t t l e  east of the Missouri River have been lower i n  recent 
years than populations o f  f l i e s  on rangeland herds west of the r i ve r .  This i s  re f lec ted  by the pretreatment f l y  
count at  Flandreau ( tab le  1) i n  which only 51 f l i e s  were observed on May 15 as opposed t o  250, 135 and 150 
f l i es /s ide ,  respectively, i n  the Tr ipp and Jackson County animals. Control o f  f l i e s  i n  Flandreau using the ra te  
o f  two tags/head may have been be t te r  i f  the populat ion was lower a t  the outset and not  res is tant .  However, the 
more e f f ec t i ve  con t ro l  when using the two tags/cow ra te  i n  Jackson County supports a conclusion that  
2 organophosphate containing tags w i l l  provide be t te r  control,  pa r t i cu l a r l y  l a t e r  i n  the season than i f  only 
1 tag/animal i s  applied. 
Horn f l y  populations i n  western South Dakota are ass& t o  be res is tant  t o  the synthet ic  pyrethro id 
insect ic ides fenvalerate o r  permethrin. Percentage contro l  i n  these t r i a l s  was lower than i n  former years when 90 
t o  100% contro l  levels  were reported (Kohler and Blame, 1982). Ear tags containing permethrin (Atroban, 
Gard-Star, Permectrin s t r ips ,  ect iban tapes) or fenvalerate (Ectr in, Insecta-shield, Ear- tag plus) were not 
observed by the author on herds t reated west o f  the Missouri River i n  South Dakota during the 1987 f l y  season. 
Ranchers i n  t h i s  area o f  the s t a te  should not use synthet ic  ~ y r e t h r o i d  products i n  1988 u n t i l  there i s  evidence 
that the f l i e s  res is tant  t o  fenvalerate or permethrin are no Longer present. Some producers east o f  the 
Missouri River i n  South Dakota were observed by the author tagging one-half  of t h e i r  herd w i th  Terminator ear tags 
containing Diazinon and the other h a l f  of the herd with Atroban tags containing permethrin. Published data do not  
ex i s t  that  would ind icate that  resistance can be prevented by mixing organophosphate containing tags with those 
containing synthet ic  pyrethroids. Resistant f l i e s  can s t i l l  develop on c a t t l e  east o f  the Missouri River i f  they 
are t reated w i th  permethrin o r  fenvalerate pyrethro id insect icides. Producers who have not received good contro l  
with synthet ic  pyrethro id products i n  the past should use one of the newer products such as the Terminator o r  
Max-Con tags so tha t  res is tan t  f l y  populations do not  develop. 
4 
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TABLE 1. EFFICACY OF TERMINATOR INSECTICIDE IMPREGNATED EAR TAGS CONTAINING 
20% DIAZINON FOR THE CONTROL OF RESISTANT POPULATIONS OF HORN FLIES 
Locality 
b Control 
colomea Cottonwood ~landreau' Jackson 
Date Week Tripp County Jackson County Moody County County 
May 15 
May 28 
June 10 
June 24 
July 7 
July 21 
~ u g .  6
Aug. 18 
Sept. 8 
Sept. 23 
May 28 
June 10 
June 24 
July 7 
July 21 
Aug. 6 
Aug. 18 
Sept. 8 
Sept. 23 
Avg mean 
Pretreatment 
Posttreatment 
2 
4 
6 
8 
10 
12 
15 
17 
Percent Control 
a Herd owned by Chandlor Shippy. 
Range and Livestock Research Station. 
C Herd owned by Dave Larson. 
Mean number of horn flies on 15 animals. Cow/calves at Colome and Black 
Baldy steers at Cottonwood were tagged at the rate of one tag per cow; the 
Flandreau herd was tagged with two tags per cow. 
TABLE 2. COMPARISON OF Y-TEX EXPERIMENTAL INSECTICIDE IMPREGNATED EAR TAG 
NO. 602TC AND MAX-CON EAR TAGS CONTAINING 5.0% CHLORPYRIFOS AND 7.0% 
CYPERMETHRIN WITH SYNERGIST FOR THE CONTROL OF RESISTANT POPULATIONS 
OF HORN FLIES IN JACKSON COUNTY IN 1987 
Y - Tex Max - Con 
a 
Date Week 2 tags/cow 1 tag/cow 2 tags/cowb Control b 
May 15 
May 28 
June 10 
June 24 
July 7 
July 21 
Aug. 6 
Aug. 18 
Sept. 8 
Sept. 23 
Avg mean 
May 28 
June 10 
June 24 
July 7 
July 21 
Aug. 6 
Aug. 18 
Sept. 8 
Sept. 23 
Avg mean 
Pretreatment 
Posttreatment 
2 
4 
6 
8 
10 
12 
15 
17 
Percent Control 
a Range and Livestock Research Station, Philip. 
Herds owned by Vint Williams. 
C Mean number of horn flies on 15 animals. 
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EFFECTS OF BULL EXPOSURE OH POSTPARTW INTERVAL 
AND REPRODUCTIVE PERFORMANCE IN BEEF MUS 
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Spring ca lv ing  beef cous uere u t i l i z e d  t o  study the e f f e c t  o f  b u l l '  exposure e a r l y  postpartum on r e t u r n  t o  
est rus and f e r t i l i t y .  I n  the spr ing o f  1985 and 1986, cous uere randomly exposed t o  epididectomized b u l l s  3 t o  
7 days a f t e r  ca lv ing  u n t i l  beginning o f  the breeding season o r  not exposed t o  bu l l s .  Cous uere observed f o r  
est rus twice d a i l y  beginning approximately 4 weeks a f t e r  the s t a r t  of ca lv ing  u n t i l  synchronization. I n  1986, 
blood samples uere co l lec ted  ueekly by jugular venipuncture dur ing heat detect ion and serum progesterone 
concentrat ions uere determined. ALL cous uere synchronized with Synchro-Mate B and inseminated 48 hours a f t e r  
implant removal. Calves uere removed for  48 hours fo l lowing implant removal. Each year a group o f  cous was 
selected from the tuo treatment groups and cannulated a t  estrus fo l l ou ing  Synchro-Mate B implant removal. Blood 
samples uere co l lec ted  a t  15-minute i n t e r v a l s  f o r  2 hours and every 2 hours f o r  46 hours f o r  determinat ion of 
l u t e i n i z i n g  hormone concentration. B u l l  exposed cous had a shorter (Pa.09) i n t e r v a l  t o  f i r s t  est rus i n  1985 and 
there uas no d i f fe rence  (P>.05) i n  1986. The percentage e x h i b i t i n g  estrus p r i o r  t o  synchronizat ion uas greater 
(Pa.01) f o r  b u l l  exposed than nonexposed i n  1985 and there was no dif ference (P>.05) i n  1986. There uas no 
d i f fe rence  (P>.05) i n  conception rates t o  the timed insemination i n  1985 and 1986 and the t o t a l  percentage 
pregnant d i d  not d i f f e r  (P>.05) i n  e i t h e r  year. B u l l  exposure may reduce the i n t e r v a l  from ca lv ing  t o  f i r s t  
estrus and increase the percentage cyc l ing  p r i o r  t o  breeding, but conception rates are not  influenced. 
(Key Words: Cous, B u l l  Exposure, Postpartun In terva l ,  Reproductive Performance.) 
In t roduct ion 
The postpartum i n t e r v a l  i s  the period o f  time from calv ing u n t i l  the f i r s t  postpartum estrus tha t  i s  
accompanied by ovulat ion. A prolonged postpartum in te rva l  i s  of major economic importance i n  terms o f  cow 
p roduc t i v i t y .  The achievement of a 365-day ca lv ing i n t e r v a l  requires a ca lv ing  t o  conception i n t e r v a l  o f  80 t o  
85 days. The postpartwn i n t e r v a l  of the suckled beef cow ranges from 46 t o  168 days. Induct ion o f  estrous cycles 
soon a f t e r  ca lv ing  i n  l a t e  ca lv ing  cous o r  i n  cous tha t  have long postpartum i n t e r v a l s  would be advantageous t o  
the producer. Houever, evidence tha t  conception rates are higher i n  cous tha t  have had a postpartum estrous cyc le 
preceding the t ime o f  breeding i s  con f l i c t i ng .  
Recent evidence ind icates tha t  the presence of b u l l s  during the postpartum per iod inf luences the time when 
cous resme est rus cycles a f t e r  calving. The purpose o f  the present study uas t o  determine i f  exposure t o  s t e r i l e  
b u l l s  a f t e r  ca lv ing  inf luences the i n t e r v a l  from ca lv ing  t o  f i r s t  estrus and subsequent f e r t i l i t y .  
Mater ia ls  and Methods 
Seventy-tuo beef cous uere randomly a l l o t t e d  t o  one of two treatments a f t e r  ca lv ing  i n  the spr ing o f  1985. 
The experiment was repeated u i t h  41 cous i n  the spr ing o f  1986. Treatments consisted o f  cous exposed t o  
epididectomized teaser b u l l s  beginning 3 t o  7 days a f t e r  ca lv ing  u n t i l  synchronizat ion o r  cous not exposed t o  
bu l l s .  Cou groups uere maintained i n  separate pastures u i t h  no fence- l i ne  contact. Cous uere maintained on 
pasture and provided corn s i l a g e  and a l f a l f a  haylage u n t i l  pasture was adequate t o  meet n u t r i t i o n a l  requirements. 
A t race  mineral s a l t  was a lso ava i lab le  throughout the experimental period. 
'Former Graduate Assistant.  
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Cows were observed f o r  estrus twice d a i l y  beginning approximately 4 weeks a f t e r  the beginning of calving 
u n t i l  synchronization t o  determine resumption of estrus. I n  1986, blood samples were col lected weekly by jugular 
venipuncture. Serum progesterone values were determined by radioimnunoassay t o  confirm cyc l ing status. 
A L L  cows reta ined f o r  breeding were synchronized with Synchro-Mate B. Calves were removed from the cows f o r  
48 hours fo l lowing Synchro-Mate B implant removal. Cows were a r t i f i c i a l l y  inseminated without regard f o r  estrus 
approximately 48 hours a f t e r  implant removal. Epididectomized b u l l s  were u t i l i z e d  f o r  estrous detect ion i n  both 
groups of cows during a 30-day A1 period. An in tac t  b u l l  was turned i n  f o r  the Last 30 days o f  a 60-day breeding 
season. 
Each year a group o f  cows was randomly selected from the b u l l  exposed group (n  = 8, 1985; n = 7, 1986) and 
the nonexposed group ( n  = 8, 1985; n = 7, 1986) and observed f o r  estrus beginning 24 hours a f t e r  implant removal 
i n  1985 and 18 hours a f t e r  implant removal i n  1986. The cows were cannulated upon observation of estrus. Cows 
not observed i n  estrus were cannulated by 34 hours fo l lowing implant removal. Blood samples were col lected a t  
15-minute in te rva ls  f o r  2 hours and every 2 hours f o r  46 hours. Blood samples were assayed f o r  serum Levels of 
Lute in iz ing hormone. 
Results and Discussion 
--
I n i t i a t i o n  of estrous cycles occurred 24 days e a r l i e r  (P<.01, tab le 1) f o r  b u l l  exposed cows than nonexposed 
cows i n  1985 and 6 days e a r l i e r  (P>.05) f o r  b u l l  exposed cows i n  1986. The d i f ference i n  1986 was not 
s ign i f i can t .  By synchronization time i n  1985, 76% (25/33) of the b u l l  exposed cows had i n i t i a t e d  estrous cycles 
compared wi th 17% (6/35) o f  the nonexposed cows (Ps.01). I n  1986, 81% (13/16) o f  the b u l l  exposed cows and 65% 
(11/17) of the nonexposed cows were i n  estrus p r i o r  t o  synchronization (P>.05). Any cows Less than 30 days 
postpartum by synchronization time were not  considered i n  these calcu lat ions because they had not had su f f i c i en t  
time t o  resume estrous cycles. 
TABLE 1. LEAST SQU%ES MEANS FOR CALVING DATES AND DAYS FROM CALVING 
TO FIRST ESTRUS AND CYCLING RATES PRIOR TO SYNCHRONIZATION 
1985 1986 
Bull Non - Bull Non- 
I tern exposed exposed exposed exposed 
No. of cows 3 5 3 7 2 0 2 0 
No. of cows >30-days 
postpartum b 3 3 3 5 16 17 
Avg calving date 3/24+3.31 3/25+3.22 3/30+4.38 - 3.27+4.38 - 
Avg days from ca ving to 
first estrus ca. 47.253.13 71.4+3.04** - 45.8t4.14 52.224.02 
No. of cows in estrus fjrior 
C to synchronization 25 (76)e 6(17)** 13(81) ll(65) 
a 
Values are means + SE. 
For all cows in the trial. 
C Determined from visual observation in 1985 and serum progesterone in 1986 
For cows >30-days postpartum. 
e Percentages are given in parenthesis. 
** PC.01 within year. 
The resu l ts  o f  1986 show no advantage (P>.05) f o r  b u l l  exposed cows compared t o  nonexposed cows regarding 
re tu rn  t o  estrus. This i s  i n  contrast t o  the resu l ts  of 1985. This could be due t o  the small number of cows 
avai lab le i n  1986, making i t  more d i f f i c u l t  t o  obta in s ign i f i can t  resul ts .  Another reason could be due t o  the 
d i f f e ren t  methods used t o  determine resumption of estrus each year. Visual observation f o r  estrus was u t i l i z e d  
f o r  1985 and progesterone values were u t i l i z e d  f o r  1986. Research had indicated that  cows exh ib i t  more d e f i n i t e  
signs of estrus i n  the presence of bu l l s .  The advantage f o r  b u l l  exposed cows i n  1985 may be due t o  a f a i l u r e  to  
detect estrus i n  the nonexposed cows. 
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The average ca lv ing  date the spr ing fo l l ow ing  treatment was not  a f fected (P>.05) by b u l l  exposure ( t a b l e  1). 
A s l i g h t  advantage was apparent f o r  the b u l l  exposed group i n  1985. Average ca lv ing  date uas March 25 f o r  b u l l  
exposed cows and A p r i l  1 f o r  nonexposed cows i n  1985. Average ca lv ing  dates fo l l ow ing  treatment f o r  cows i n  1986 
uere March 20 and March 19 f o r  b u l l  exposed and nonexposed cows, respect ive ly .  A year e f f e c t  (Pc.05) uas present 
because o f  the breeding season was s ta r ted  10 days e a r l i e r  i n  1986. 
The percentage o f  cows conceiving t o  the time insemination was no t  a f fec ted  (P*.05) by b u l l  exposure or  year. 
Conception t o  the timed inseminat ion i n  1985 was 63.3 (19/30) and 45.2% (14/31) f o r  b u l l  exposed and nonexposed 
cous, respect ive ly .  I n  1986, conception ra tes f o r  the timed inseminat ion were 43.8% (7/16) f o r  b u l l  exposed cous 
and 50% (8/16) f o r  nonexposed cows. The t o t a l  percentage pregnant a t  the end o f  the breeding season was s i m i l a r  
(P>.05) between treatments and years. Pregnancy ra tes a t  the end o f  the breeding season i n  1985 uere 93.3 (28/30) 
and 96.7% (30/31) f o r  b u l l  exposed and nonexposed cows, respect ive ly .  I n  1986, the t o t a l  percentage pregnant was 
87.5% (14/16) f o r  b u l l  exposed cows and 100% (16/16) f o r  nonexposed cows. 
Each year a group of  cows from each treatment was randomly a l l o t t e d  t o  determine l u t e i n i z i n g  hormone response 
fo l l ow ing  estrous synchronizat ion w i th  Synchro-Mate B. A l u t e i n i z i n g  hormone peak precedes ovulat ion.  The number 
o f  cows e x h i b i t i n g  an LH peak corresponding t o  ovu la t ion  d i d  not d i f f e r  (P>.05) between treatment o r  year 
( t a b l e  2). Peak l u t e i n i z i n g  hormone leve ls  d i d  not  d i f f e r  between treatments (P>.05) but were d i f f e r e n t  (w.05)  
between years. The reason f o r  t h i s  d i f fe rence  i s  not  known. Time t o  the l u t e i n i z i n g  hormone peak fo l l ow ing  
Synchro-Hate B implant removal and c a l f  removal d i d  not  d i f f e r  (P>.05) between treatment and year. The 
l u t e i n i z i n g  hormone peak corresponding t o  ovu la t ion  occurred between 20 and 50 hours a f t e r  Synchro-Mate B implant 
remova 1 . 
TABLE 2 .  LEAST SQUARES MEANS FOR TIME FROM SYNCHRO-MATE B (SMB) 
IMPLANT REMOVAL TO LH PEAK AND PEAK IN LH L E V E L S ~  
1985 1986 
B u l l  Non- B u l l  Non - 
I t em exposed exposed exposed exposed 
No. o f  cows 8 7b 7  7  
No, e x h i b i t i n g  LH peak 7 5  5  5  
Hours from SMB implan t  
removal t o  LH peak 31.2853.10 30.20+3.67 - 25.0553.67 34.35+3.67 - 
Peak LH l e v e l s  
(ng/ml> 7.25+5.78 - 7.65+6.84 - 21.5356.84 21.9956.84 
a Values  a r e  means 2 SE. 
One cow dropped due t o  inadequa te  sampling 
C Year e f f e c t  (P<. 05) . 
The r e s u l t s  o f  the two t r i a l s  are inconclusive. The smal l  number o f  c a t t l e  used i n  1986 and the d i f f e r e n t  
methods o f  est rous de tec t ion  used each year made i t  d i f f i c u l t  t o  determine the e f f e c t s  o f  b u l l  exposure on the 
postpartum in te rva l .  B u l l  exposure soon a f t e r  ca lv ing  may reduce the postpartum i n t e r v a l  and increase the 
percentage c y c l i n g  p r i o r  t o  the breeding season. Conception ra tes  uere not  in f luenced by b u l l  exposure. ~ u l l  
exposure a l so  d i d  not  in f luence t ime from Synchro-Mate B implant removal t o  the Lu te in i z ing  hormone peak o r  peak 
l u t e i n i z i n g  hormone levels.  
EVALUATION OF VARYING LEVELS OF HEREFORD, SIPMENTAL AND 
ANGUS BREEDING FOR U L F  PRODUCTIOW THROUGH WEANING 
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Sumnary 
Cow size, reproductive performance and c a l f  performance t o  weaning were evaluated f o r  Simnental-Hereford cous 
(25 t o  38% Hereford) mated t o  Hereford bu l l s ,  Simnental-Hereford cows (50% Hereford) mated t o  Hereford bul ls ,  
Simnental-Hereford cows (62-7!5% Hereford) mated t o  Simnental bul ls ,  Angus-Hereford cous (25.38% Hereford) mated t o  
Hereford bu l l s ,  Angus-Hereford cous (50% Hereford) mated t o  Hereford b u l l s  and Angus-Hereford cous (62-75% 
Hereford) mated t o  Angus bul ls .  Simnental cross cous were heavier and t a l l e r  and produced heavier calves a t  b i r t h  
and weaning than Angus cross cous. Pregnancy rate, c a l f  preueaning surv iva l  ra te  and c a l f  b i r t h  date d i d  not vary 
s i g n i f i c a n t l y  among breed groups. Preweaning grouth was greater for  calves from cows of high percentage Simnental 
cows mated t o  Hereford b u l l s  than f o r  calves from low percentage Simnental cows mated t o  Simnental bul ls ,  
i nd ica t ing  a strong maternal e f f ec t  f o r  Simnental on c a l f  growth. 
(Key Words: Beef Cows, Breed Types, Performance.) 
In t roduct ion 
Select ion o f  breeds o r  breed crosses i s  an important decision f o r  cost e f f i c i e n t  beef production. Since ca l f  
weaning weight i s  pos i t i ve l y  corre lated with cow size, level  of m i l k  production and e f f i c i ency  o f  cow-calf feed 
u t i l i z a t i o n ,  many cow-calf producers have sought t o  increase ca l f  weaning ueights through use o f  larger and/or 
higher mi lk ing breed types. However, higher producing cow types requi re more feed per cow than lower producing 
cous t o  a t t a i n  adequate reproductive performance. To maximize economic ef f ic iency,  i t ' s  important t o  i d e n t i f y  cow 
types tha t  perform well  under given management and environmental circumstances. 
The present study i s  a por t ion  of a comprehensive research pro ject  designed t o  invest igate genetic aspects of 
e f f i c i ency  of beef production. The object ive o f  t h i s  study was t o  characterize and evaluate performance o f  cou 
types varying i n  mature s ize  and level  of m i l k  production under western South Dakota range condit ions. 
Materials and Methods 
This analysis included data from Simnental-Hereford cross and Angus-Hereford cross cous ranging from 3 t o  13 
years of age. For the most part,  two-breed cross daughters of one breed o f  s i r e  uere mated t o  the other s i r e  
breed. Replacement daughters uere retained from the two-breed ro ta t iona l  crossbreeding systems which had been i n  
progress f o r  several years, resu l t ing  i n  various proport ions o f  Hereford breeding and heterosis levels  i n  the 
crossbred cous. 
Data from crossbred cows were sorted so tha t  cous w i t h i n  a group were o f  s im i l a r  breed compositions. 
Overal l ,  data from 507 matings from 1983-1985 were sorted i n t o  6 breed groups: (1) Simnental-Hereford cows (25 t o  
38% Hereford) mated t o  Hereford bu l l s ,  (2) Simnental-Hereford cows (50% Hereford) mated t o  Hereford bu l l s ,  
(3) Simnental-Hereford cows (62-75% Hereford) mated t o  Simnental bul ls ,  ( 4 )  Angus-Hereford cows (25-38% Hereford) 
mated t o  Hereford bu l l s ,  (5) Angus-Hereford cous (50% Hereford) mated t o  Hereford b u l l s  and (6) Angus-Hereford 
cous (62-75% Hereford) mated t o  Angus bu l l s .  
l ~ s s i s t a n t  Professor. 
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Cows were maintained a t  the Antelope Range Livestock Stat ion near Buffalo, South Dakota, on na t i ve  pastures, 
inc lud ing western wheatgrass, buffalograss, p r a i r i e  pinegrass and sage. Cows received winter supplementation as a 
group t o  maintain cond i t i on  assumed t o  be adequate f o r  reproduction. Breed groups were t reated as uni formly as 
possible. Cows were c u l l e d  f o r  f a i l u r e  t o  conceive, poor heal th  o r  a t  random t o  provide room f o r  replacements. 
Calves were born i n  the spr ing and male calves were castrated a t  b i r t h .  Calves were weaned i n  the f a l l  when the 
e n t i r e  group averaged approximately 7 months o f  age. 
Means were computed by breed group f o r  various cow and c a l f  t r a i t s .  S t a t i s t i c a l  comparisons are presented i n  
tables f o r  comparison of the 50% Angus-50% Hereford crossbred dam group t o  each of the other f i v e  breed groups. 
I n  addi t ion,  the average o f  the three Simnental groups was compared t o  the average of the three Angus groups. 
Breed group means were adjusted f o r  d i f ferences i n  cow age and year e f f e c t s  and f o r  sex o f  c a l f ,  c a l f  weaning age 
and s i r e  when appropriate. 
Results and Discussion 
--
Means f o r  cow s i z e  and cond i t i on  t r a i t s  are presented i n  tab le  1. Cow weights averaged 1116 and 1026 l b  i n  
the sp r ing  and 1221 and 1151 l b  i n  the f a l l  f o r  Simnental cross and Angus cross cows, respect ive ly .  U i t h i n  the 
Simnental crosses, cows o f  high percentage Simnental were general ly heavier and t a l l e r  than those of Low 
percentage Simnental. High and low percentage Angus cross cows were s i m i l a r  i n  cow weight t o  50% Angus cows. 
However, low percentage Angus cows were s l i g h t l y  t a l l e r  than 50% Angus cows. 
Avg Sx 
SE of vs 
Trait Cow breedC SSH S H SHH AAH AH AHH mean Ax b 
No. records 6 8 12 110 5 2 3 7 121 
Spring cow wt, lb 1143* 1112* 1094* 1033 1017 1028 18.7 ** 
Fall cow wt, lb 1235* 1208 1221* 1160 1126 1168 20.4 ** 
Spring cow height, in 53.4* 51.3* 51.2* 49.1 48.6 49.7* . 31 *+ 
Fall cow height, in 53.6* 51.4* 51.5* 49.4 48.7 50.1* .34 ** 
Spring wtheight, lb/in 21.4 21.7 21.3 21.0 20.9 20.6 .30 ** 
Fall wt/height, lb/in 23.0 23.5 23.7 23.4 23.0 23.3. .32 NS 
a Presence of * indicates the mean for that breed group differs (P<.05) from 
the mean for the 50% Angus-50% Hereford dam breed group. 
Compares the average of the three Simrnental cross groups with the average 
of the three Angus cross groups. ** denotes significance at .O1 probability 
level, NS denotes nonsignificance (P>.05). 
C SSH = Simmental-Hereford cross (25-38% HH), SH = Simmental-Hereford cross 
(50%HH), SHH = Simmental-Hereford cross (62-75% HH), AAH = Angus-Hereford cross 
(25-38% HH), AH = Angus-Hereford cross (50% HH) and AHH = Angus-Hereford cross 
(62-75% HH). 
Cow weight/height ra t ios ,  i nd ica t ing  condi t ion o r  fleshiness, were greater i n  f a l l  than i n  spring, r e f l e c t i n g  
seasonal d i f ferences i n  n u t r i e n t  a v a i l a b i l i t y  and/or requirements. Dif ferences among breed groups were general ly 
small, although Simnental cross cows had s t a t i s t i c a l l y  higher r a t i o s  than Angus cross cows i n  spring. Simnental 
cross cows appeared t o  maintain condi t ion over the winter q u i t e  wel l  compared t o  the smaller Angus cross cows. 
Means f o r  reproduct ive t r a i t s  are presented i n  tab le  2. Percentage o f  cows conceiving and percentage of 
calves born su rv iv ing  t o  weaning averaged 90.4 and 96.1, respect ively, averaged over a l l  breed groups. Date of 
c a l f  b i r t h  averaged 83.7 days (March 25) overa l l .  Var ia t ion  among breed groups was not s u f f i c i e n t l y  great t o  
warrant s p e c i f i c  comparisons o f  breed group means f o r  these t r a i t s .  
TABLE 2. LEAST SQUARES MEANS~ FOR REPRODUCTIVE TRAITS 
AND CALF SURVIVAL 
Calf breed proup 
Avg Sx 
Sire breed Her Her S im Her Her Ang SE of vsb 
Trait Cow breedC SSH S H SHH AAH AH AHH mean Ax 
No. matings d 84 21 131 60 6 2 149 
No. calves born 74 13 114 5 4 3 8 130 
Pregnancy rate, 8 90.8 86.4 91.7 96.2 87.3 89.7 3.88 
Percent calves weaned 
of those born 97.5 89.7 97.0 100.0 95.7 96.9 4.31 
Gestation length, days 288.1* 286.6 289.4* 284.6 284.3 285.3 1.30 ** 
Julian date of birth, 
days 84.8 82.7 87.0 79.5 82.9 85.2 9.17 
a Presence of * indicates the mean for that breed group differs (P<.05) from 
the mean for the 50% Angus-50% Hereford dam breed group. 
Compares the average of the three Simmental cross groups with the average 
of the three Angus cross groups. ** denotes significance at .O1 probability 
levgl . 
SSH - Simmental-Hereford cross (25-38% HH), SH - Simmental-Hereford cross 
(50% HH), SHH = Simmental-Hereford cross (62-75% HH), AAH - Angus-Hereford cross 
(25-38% HH), AH - Angus-Hereford cross (50% HH) and AHH - Angus-Hereford cross 
(62a75% HH). 
Includes cows culled after pregnancy checking in the fall. 
e 1 - January 1, 80 - March 21, etc. 
Gestation length averaged 3.3 days Longer f o r  Simnental crosses than f o r  Angus crosses. U i t h i n  the S i n e n t a l  
cross groups, gestat ion was s l i g h t l y  longer fo r  cows of low percentage Simnental. Keep i n  mind tha t  cows of Low 
percentage Simnental were mated t o  Simnental k r l l s ,  whereas cows of high and medim percentage Simnental were 
mated t o  Hereford bul ls .  
B i r t h  and preweaning t r a i t s  are presented i n  table 3. B i r t h  weights averaged 91.3 and 86.1 l b  f o r  calves 
from Simnental cross and Angus cross cows, respectively. Calves from low percentage Angus cows were heavier at  
b i r t h  than calves from 50% Angus cows. 
Ueight gain from b i r t h  t o  weaning averaged 2.13 and 1.95 lb/day fo r  calves from S i n e n t a l  cross and Angus 
cross cous, respectively. U i t h i n  the Sinmental crosses, calves from cows of high percentage Simnental gained 
faster  than calves from cows of Low percentage Simnental. These calves from cous of Lou percentage S imenta l  were 
s i r ed  by S i n e n t a l  b u l l s  and thus were of high percentage S inen ta l .  Maternal effects, p r ima r i l y  r e f l ec t i ng  mi l k  
production, of the Simnental breed were apparently more important than the d i r ec t  genetic e f f e c t  on c a l f  growth 
through weaning compared t o  the Hereford breed. Breed group rankings f o r  ca l f  weaning weight ref lected 
dif ferences i n  b i r t h  weight and preweaning d a i l y  gain. 
Calf breed arouv 
Avg Sx 
Sire breed Her Her S im Her Her Ang S E o f v s  
Trait Cow breedC SSH S H SHH AAH AH AHH mean Ax b 
No. calves born 7 4 13 114 5 4 3 8 130 
Calf birth wt, lb 90.7* 89.7* 93.6* 85.4 83.3 89.7% 1.92 ** 
Avg daily gain, lb/day 2.23* 2.09* 2.07* 1.99 1.93 1.94 .042 ** 
Calf weaning wt, lb 551.8* 521.9* 524.7* 498.0 482.8 491.5 8.86 ** 
a Presence of * indicates that the mean for that breed group significantly 
dif ers (P<.05) from the mean for the 50% Angus-50% Hereford dam breed group. 6 Sx vs Ax compares the average of the three Simmental cross groups with the 
average of the three Angus cross groups. ** denotes significance at .O1 
probability level. 
C SSH - Simmental-Hereford cross (25-38% HH), SH - Simmental-Hereford cross 
(50% HH), SHH - Simmental-Hereford cross (62-75% HH), AAH - Angus-Hereford cross 
(25-38% HH), AH - Angus-Hereford cross (50% HH) and AHH - Angus-Hereford cross 
(62 - 75% HH) . 
I n  conclusion, overa l l  performance of  bath S imn ta l -He re fo rd  and Angus-Hereford crossbred cous under range 
condit ions was acceptable. Although S i m n t a l - c r o s s  cous produced heavier calves a t  weaning than Angus crosses, 
d r y l o t  studies ind icate that  such a d i f ference i n  c a l f  neight would L ike ly  be o f f se t  by higher feed costs per 
cow-calf p a i r  f o r  Simnental crosses. Addit ional work i n  d r y l o t  needs t o  be conducted t o  evaluate whether or  not 
e f f i c iency  of  feed u t i l i z a t i o n  varies wi th varying levels  o f  Simnental breeding. 
CHARACTERIZATIOW OF THE WSCLES 
UITHIN THE BEEF FOREQUARTER 
1 1 
R. C. Johnson , C. M. Chenl T. S. Mu l l e r  
2 2 
W. J. C o s t e l l o  , J. R. Romans and K. U. Jones 3 
VZY CATTLE 87-16 
T h i r t y - f o u r  muscles/muscle groups, each g rea te r  than . I  kg, were d i ssec ted  from 16 fo requa r te rs  t o  e s t a b l i s h  
a da ta  base o f  i n d i v i d u a l  muscle y i e l d s ,  p a l a t a b i l i t y  p r o f i l e s  and chemical composit ion. Carcass da ta  f rom the  16 
s tee rs  revea led t h e  f o l l o w i n g  averages: carcass weight - 288.4 kg, y i e l d  grade - 3.2, and q u a l i t y  grade - Low 
choice.  I n d i v i d u a l  muscle y i e l d s ,  tenderness p r o f i l e s  and chemical analyses i n d i c a t e d  t h a t  the  muscles w i t h i n  t he  
fo requa r te r  a r e  ex t remely  va r i ab le .  However, severa l  o f  t he  l a rge r  muscles w i t h i n  t h e  fo requa r te r  possess 
tenderness p r o f i l e s  comparable t o  t h e  longissimus d o r s i ,  t h e  major muscle w i t h i n  r i b  steaks. Th i s  s tudy  suggests 
t h a t  maximum u t i l i z a t i o n  o f  t he  beef f o requa r te r  may best  be achieved when i n d i v i d u a l  muscles a r e  f a b r i c a t e d  and 
marketed accord ing t o  t h e i r  s i z e  and tenderness p o t e n t i a l .  
(Key Words: Beef, Forequarter,  Muscle, Tenderness, Composition.) 
I n t r o d u c t i o n  
The beef f o requa r te r  represents  approximately 52% o f  t he  t o t a l  carcass weight and i s  composed o f  t h e  p r ima l  
chuck and r i b  and t h e  rough b r i s k e t ,  p l a t e  and shank. T r a d i t i o n a l l y ,  an inequ iva lency i n  t he  market va lue e x i s t s  
between the  f o r e -  and h indqua r te r  a t  both t h e  packer and r e t a i l  l e v e l ,  p r i m a r i l y  due t o  t he  lower va lue  o f  t he  
beef chuck. M e r c h a n t a b i l i t y  o f  t he  beef fo requar ter ,  e s p e c i a l l y  t h e  chuck, has been depressed due t o  t he  h igh 
degree o f  v a r i a b i l i t y  i n  (1)  t h e  cu tou t  y i e l d  o f  t h e  f o requa r te r  and (2)  t h e  p a l a t a b i l i t y  c h a r a c t e r i s t i c s  o f  t he  
numerous muscles w i t h i n  t h e  fo requar ter .  
Considerable t ime, e f f o r t  and research has been expended i n  developing new approaches t o  merchandising chuck 
meat. Increased e f f i c i e n c i e s  i n  f a b r i c a t i o n  and hand l ing  o f  the  beef chuck have been obta ined by  subd i v i d ing  the  
chuck and removing a l l  bone and a Large percentage o f  t he  subcutaneous and in termuscu lar  f a t  b e f o r e  t h e  chuck 
en te rs  t h e  market ing  channels. At tempts t o  improve t h e  r e t a i  l a c c e p t a b i l i t y  o f  chuck meat (i .e., g r i nd ing ,  
t ende r i z i ng ,  r e s t r u c t u r i n g ,  precooking, etc.)  have had n e a r l y  imneasurable impact on i nc reas ing  t h e  va lue o f  t he  
chuck and fo requa r te r .  
Numerous s tud ies  have cha rac te r i zed  t h e  muscles t h a t  t r a d i t i o n a l l y  account f o r  a m a j o r i t y  o f  the  beef carcass 
va lue  due t o  t h e i r  s i z e  and p a l a t a b i l i t y  p r o f i l e s .  However, s i nce  these muscles a r e  p r i m a r i l y  l oca ted  i n  t he  
h indquar ter ,  minimal base l i ne  i n fo rma t i on  i s  a v a i l a b l e  on the m a j o r i t y  o f  the  muscles w i t h i n  t h e  fo requar ter .  
Th i s  lack  o f  i n fo rma t i on  has p laced a severe l i m i t a t i o n  on the  development o f  f a b r i c a t i o n  and processing 
techniques which would maximize the  economic p o t e n t i a l  o f  t he  beef fo requar ter .  Thus, t h i s  s tudy  was undertaken 
t o  cha rac te r i ze  each muscle w i t h i n  t he  beef f o requa r te r  i n  terms o f  phys i ca l  and chemical c h a r a c t e r i s t i c s .  
M a t e r i a l s  and Methods 
S i x teen  Angus s tee rs  o f  s i m i l a r  genet ic  and feed lo t  background (14-16 months o f  age) were s laughtered a t  t he  
South Dakota S t a t e  U n i v e r s i t y  Meat Laboratory.  A f t e r  a 48-hour c h i l l ,  grade da ta  were c o l l e c t e d  (USDA, 1975). 
The fo requa r te r  (Fa) f rom one s i d e  o f  each carcass was broken i n t o  a r i b / p l a t e  p o r t i o n  (R/P) and an arm chuck 
p o r t i o n  w i t h  t h e  b r i s k e t  a t tached (AC/B). The forequar ters  were broken i n  t o  o n l y  these two subpor t ions  t o  
minimize t h e  ex ten t  t o  which the  i n d i v i d u a l  muscles were subdivided. These carcass po r t i ons ,  exc lud ing  t h e  shank, 
'Graduate Ass is tants .  
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Johnsonv i l l e  Sausage Co., Sheboygan Fa l l s ,  UI.  
were d issected i n t o  34 i n d i v i d u a l  muscles/muscle groups, f a t  and bone. I n d i v i d u a l  weights were taken o f  a l l  
components o f  the carcass portions'. The shank muscles were removed and inc luded i n  miscel laneous t r im .  Table 1 
l i s t s  t he  34 muscles/muscle groups which were d issected from each forequar ter ,  the wholesale c u t  i n  which these 
muscles a re  found and the t h r e e - l e t t e r  code used t o  i d e n t i f y  each muscle. 
TABLE 1. MUSCLES OF THE BEEF FOREQUARTER 
Wholesale Muscle 
a 
Muscle cut code 
Anoconeus 
Biceps brachii 
Brachialis 
Brachiocephalicus 
Complexus 
Coracobrachialis 
Cutaneus omo-brachialis 
Deep pectoral 
Deltoideus 
Inf raspinatus 
Latissimus dorsi 
Longissimus costarum 
Longissimus dorsi 
Multifidus dgrsi 
Neck muscles 
Obliquus abdominis externus 
Rectus thoracis 
Rhomboideus 
Scalenus ventralis 
Serratus dorsalis 
Serratus ventralis 
Spinalis dorsi 
Splenius 
Sternocephalicus 
Subscapularis 
Superficial pectoral 
Suprasp inatus 
Tensor fasciae antibrachii 
Teres major 
Teres minor 
Trapezius 
Triceps brachii, lateral head 
Triceps brachii, long head 
Triceps brachii, medial head 
ACN 
BPB 
BCL 
BCC 
CPX 
CBC 
COB 
DPT 
DEL 
INF 
LTD 
LGC 
LGD 
MFD 
NKM 
OAE 
RTR 
RB D 
S cv 
SRD 
SRV 
S LD 
S LN 
SCP 
SCL 
S FP 
S PN 
TFA 
TRM 
TRN 
TRA 
TBT 
TBL 
TBM 
a B - brisket, C - chuck, P - plate and R = rib. 
Neck muscles consist of several muscles immediately adjacent to the 
cervical vertebra. 
Fol lowing muscle removal, i d e n t i f i c a t i o n  and weighing, heavy epimysium connect ive t i s s u e  ( s i l v e r  membrane) 
was removed from each muscle and r e l a t i v e  th ickness was measured w i t h  a micrometer. The remaining muscle t i s s u e  
was used f o r  o b j e c t i v e  tenderness eva lua t i on  (Warner-Bratzler shear) and chemical analyses (moisture,  f a t ,  
p ro te in ,  ash and co l lagen) .  The shank muscles were no t  inc luded i n  the chemical c h a r a c t e r i z a t i o n  analyses. 
Resul ts  and Discuss ion 
--
The means and ranges o f  the  carcass c h a r a c t e r i s t i c s  f o r  t he  16 Angus s tee rs  used i n  t h i s  s tudy  are  g i ven  i n  
t a b l e  2.  The average carcass i n  t h i s  s tudy was a USDA low choice, YG 3.2, s t e e r  carcass weighing 288.4 kg. 
TABLE 2. MEANS AND RANGES OF CARCASS CHARACTERISTICS 
Trait N Mean Minimum Maximum S E ~  
Carcass weight, kg 16 288.4 234.1 316.6 5.06 
Fat thickness. cm 16 1.17 .81 2.04 .08 
Rib eye area, sq cm 16 65.8 58.3 73.5 1.12 
Kidney, he t and pelvic fat, % % 16 2.2 1.5 3.0 .09 
Yield grade 16 3.2 2.6 4.3 .12 
Marbling score 16 Small 20 Slight 60 Modest 30 11 
a Standard error of the mean. 
Based on descriptions included in USDA (1975) beef grade standards. 
The percentage c o n t r i b u t i o n  made by  each i n d i v i d u a l  muscle t o  t he  lean p o r t i o n  o f  t h e  FQ, R/P and AC/B a re  
presented i n  t a b l e  3. Due t o  the  f a b r i c a t i o n  techniques u t i l i z e d  i n  t h i s  study, the  c o n t r i b u t i o n  t h a t  each muscle 
makes t o  t h e  lean p o r t i o n  o f  the  va r i ous  subpor t ions  o f  t h e  beef f o requa r te r  ( i . e .  r i b / p l a t e  and arm 
chuck/br isket )  i s  n o t  rep resen ta t i ve  o f  t r a d i t i o n a l  concepts. Therefore, cau t i on  i s  advised when i n t e r p r e t i n g  t h e  
data. 
The s e r r a t u s  v e n t r a l i s  (SRV) was t h e  l a rges t  muscle i n  the  f o requa r te r  ( t a b l e  3) and thus c o n t r i b u t e d  the  
g rea tes t  percentage t o  both  t h e  fo requa r te r  and t h e  arm chuck/br isket  lean. I f  t he  b r i s k e t  had been removed from 
the  arm chuck, i t  may be pos tu la ted  t h a t  t h e  SRV would have con t r i bu ted  an even g rea te r  percentage o f  t he  arm 
chuck lean s i n c e  a l a r g e  p o r t i o n  o f  t he  deep pec to ra l  (DPT) and s u p e r f i c i a l  p e c t o r a l  (SFP) would n o t  have been 
included. The t r i c e p s  b r a c h i i  complex (TBL, TBT and TBM), when pooled together,  account f o r  t he  greates t  
percentage o f  Lean w i t h i n  t he  arm chuck/br isket  (11.6%). 
The Largest muscle by  weight o f  t h e  r i b / p l a t e  p o r t i o n  was OAE, uh ich  i s  t he  ou te r  su r face  muscle o f  t h e  
p la te .  However, because o f  t he  Locat ion  and lack  o f  th ickness o f  t h i s  muscle, OAE does n o t  make an economical ly 
impor tant  c o n t r i b u t i o n  t o  t h i s  p o r t i o n  o f  t he  carcass. Thus, LCD and t h e  smal le r  muscles gene ra l l y  marketed w i t h  
i t  ( i .e. ,  SLD, LGC, MFD and CPX) account f o r  the  g rea tes t  percentage o f  t he  economic r e t u r n  t o  t he  r i b / p l a t e  
po r t i on .  
TABLE 3. RANK OF BEEF FOREQUARTER MUSCLES BY COMPOSITION OF THE LEAN 
WITHIN THE FOREQUARTER, RIB/PLATE AND ARPI CHUCKIBRISKET~ 
Forequarter Rib/Plate Arm Chuck/Brisket 
Rank Muscle % sEb Muscle % sEb Muscle % s E~ 
SRV 
DPT 
TBL 
LGD 
TRA 
OAE 
C PX 
LTD 
NKM 
INF 
S LD 
SFP 
S PN 
RBD 
BCC 
SCP 
SCL 
COB 
SLN 
TBT 
BPB 
TRM 
BCL 
LGC 
DEL 
MFD 
S cv 
TRN 
T FA 
CBC 
RTR 
SRD 
ACN 
TBM 
OAE 
LGD 
LTD 
S LD 
SRV 
COB 
DPT 
TRA 
LGC 
MFD 
RBD 
CPX 
SRD 
SRV 
DPT 
TBL 
C PX 
TRA 
NKM 
INF 
SFP 
SPN 
RBD 
BCC 
SCL 
SCP 
LTD 
SLN 
S LD 
TBT 
BPB 
BCL 
TRM 
LGD 
DEL 
S cv 
TRN 
COB 
T FA 
CBC 
MFD 
RTR 
ACN 
LGC 
S RD 
TBM 
a See table 1 for a listing of the muscle codes. 
Standard error of the mean. 
Warner-Bratzler shear values f o r  those muscles which were Large enough f o r  analysis are given i n  tab le  4. 
The four most tender muscles (LGD,  SLD,  I N F  and SRV) account f o r  j us t  over 25% of the Lean w i t h i n  the forequarter.  
Current ly,  LGD and SLD are the primary muscle components of subprimal r i b  cuts, i.e., r i b  eye r o l l s  and 
oven-prepared r i b s .  The other two muscles, I N F  and SRV, represent 17.4% of the arm chuck/brisket Lean. The 
remainder of the muscles have Less desirable shear values. A l t e r a t i o n  of the tenderness p r o f i l e  of these muscles 
by mechanical or enzymatic tender izat ion i s  h igh ly  recomnended. 
Rank Mus c 1 e WBS s E~ Rank Muscle WBS S E b 
LGD 
S LD 
INF 
S RV 
TBL 
CPX 
S PN 
TRM 
SFP 
BPB 
SCL 
RBD 
TBT 
LTD 
sm 
NKM 
BCL 
DEL 
TRA 
DPT 
SCP 
COB 
BCC 
a See table 1 for a listing of the muscle codes. Warner-Bratzler shear force 
(kg/1.3 cm core) was determined on muscle samples following removal of heavy 
epigysium connective tissue. 
Standard error of the mean. 
Table 5 presents the rank o f  muscles based on epimysium connective t issue thickness, moisture and f a t  
percentage and t o t a l  col lagen content. The epimysiwn connective t issue ranged i n  thickness from 16-.62 mn (SRD 
and I N F ,  respectively).  The thickness o f  the epirnysium appears t o  be re la ted  t o  the s ize o f  the muscle which i t  
encases and attaches t o  the skeleton o r  other muscles, and to  the funct ion o f  the muscle i n  r e l a t i o n  t o  movement 
o f  the animal. The va r i a t i on  i n  f a t  content o f  the muscles indicates that  some muscles possess inherent 
charac te r i s t i cs  which would make them very desirable f o r  Lou-fat products (i.e., Triceps b rach i i  complex and SPN). 
Corre lat ion coe f f i c i en t s  ind icated t o t a l  collagen content accounted f o r  Less than 10% of the va r i a t i on  i n  
Warner-Bratzler shear force and was therefore a poor predic tor  of tenderness. 
I n  conclusion, resu l ts  o f  the physical and chemical character izat ion analyses o f  the ind iv idua l  muscles 
w i t h i n  the forequarter ind icate that  some muscles would have a po ten t i a l l y  greater economic value i f  they were 
separated and used independently. Due to  t he i r  physical and chemical character is t ics,  SRV and I N F  from the beef 
chuck are su i tab le  f o r  steak production as ind iv idual  muscles. Simi lar ly ,  the t r i ceps  b rach i i  complex (TBL, TBT 
and TBM) and SPN would be desi rable material  f o r  roast production. 
TABLE 5 .  RANK OF BEEF FOREQUARTER MUSCLES BY EPIMYSIUM CONNECTIXE TISSUE 
THICKNESS, PERCENTAGE MOISTURE AND FAT AND TOTAL COLLAGEN 
Epimys ium M o i s t u r e  
-- 
F a t  T o t a l  c o l l a g e n  b 
Rank  M u s c l e  mm M u s c l e  % M u s c l e  % M u s c l e  mg/g 
SRD 
ACN 
COB 
TBM 
BCC 
S FP 
SLN 
TFA 
RBD 
S cv 
TRA 
LTD 
RTR 
SCP 
TBT 
CBC 
DPT 
LGC 
S PN 
DEL 
BPB 
C PX 
MFD 
TRM 
TRN 
BCL 
NKM 
SRV 
LG D 
0 AE 
SCL 
S LD 
TBL 
INF 
S LN 
TBT 
BPB 
BCL 
TRN 
S PN 
TBL 
TFA 
TRM 
BCC 
SCL 
DEL 
CBC 
CPX 
NKM 
DPT 
INF 
LTD 
TBM 
RTR 
LGD 
LGC 
ACN 
SCP 
RBD 
S cv 
S LD 
SRV 
S FP 
TRA 
S RD 
OAE 
MFD 
COB 
TBL 
SLN 
TBT 
T FA 
BCL 
S PN 
BPB 
TRN 
S CL 
TRM 
BCC 
DEL 
CBC 
LTD 
LGD 
DPT 
NKM 
C PX 
INF 
RTR 
TBM 
RBD 
LG C 
ACN 
SCP 
S cv 
S LD 
TRA 
SRV 
S FP 
SRD 
COB 
0 AE 
MFD 
LGD 
TRM 
TBL 
SRV 
SCL 
SRD 
RTR 
SLD 
T FA 
S cv 
CPX 
BCL 
INF 
SLN 
TBT 
DPT 
BPB 
S PN 
TBM 
OAE 
LGC 
LTD 
DEL 
ACN 
RBD 
TRN 
CBC 
SCP 
NKM 
BCC 
TRA 
MFD 
SPF 
COB 
a S e e  t a b l e  1 f o r  a l i s t i n g  o f  t h e  m u s c l e  c o d e s .  
C o l l a g e n  c o n t e n t  o f  t h e  m u s c l e  t i s s u e  e x c l u d i n g  h e a v y  e p i m y s i w n  t i s s u e ,  
mg c o l l a g e n / g  o f  m u s c l e  t i s s u e .  
EFFECTS OF HEATING RATE AND ENDWINT TEMPERATURE ON THE PALATABILITY 
AND STORAGE STABILITY OF PRECOCUED BEEF ROASTS 
1 2 3 4 
C. H. Chen , K. W. Jones , P. S. DeZeeuw and W. J. Coste l lo  
Departments o f  Animal and Range Sciences and 
N u t r i t i o n  and Food Science 
BEEF REPORT CATTLE 87-17 
The primary ob jec t i ve  o f  t h i s  study was t o  determine the optimal cooking r a t e  and endpoint temperature of a 
precooking regime f o r  beef roasts which maximizes consuner accep tab i l i t y  and storage s t a b i l i t y .  Percentage 
cooking Loss and TEA values were minimized when roasts were precooked t o  the Lowest endpoint temperature (45 C, 
112 F). I n  addit ion, long-term cooking (heating r a t e  = 16 min/C) improved TEA values (Thiobarb i tur ic  acid, a tes t  
f o r  ox ida t i ve  r a n c i d i t y )  f o r  precooked beef roasts. Sensory q u a l i t i e s  d i d  not d i f f e r  (P>.05) due t o  cooking r a t e  
o r  endpoint temperature. Findings suggest t h a t  a Low-temperature Long-term cooking method optimizes (Pc.05) 
cooking charac te r i s t i cs  whi le  maintaining sensory q u a l i t i e s  o f  precooked beef roasts. 
(Key Words: Beef, Precooking Temperature, Precooking Rate, TEA, Sensory.) 
In t roduc t ion  
Demand f o r  meat products tha t  are easy and quick t o  prepare has increased due t o  changing consumer L i fes ty les  
and microwave cooking. The use o f  precooked meats o f f e r s  these conveniences. 
Longtime low-heat cookery methods are instrumental i n  breaking down the co l lagen c r o s s - l i n k i n g  s t ruc tu re  
which i s  one o f  the major fac to rs  responsible f o r  the toughness i n  Less tender meat cuts. Laakkonen e t  a l .  (1970) 
concluded tha t  the major decrease i n  Warner-Eratzler shear values occurred a t  50 t o  60 C (122-140 F) when beef 
muscles were heated a t  a slow rate. Draudt e t  a l .  (1964) observed tha t  shear values changed L i t t l e  i n  samples 
cooked a t  temperatures up t o  50 C (122 F), but decreased i n  samples cooked a t  54 C (130 F), and reached a minimum 
i n  those cooked a t  60 t o  64 C (140-147 F). 
The p a l a t a b i l i t y  o f  precooked beef which has been reheated i s  negat ive ly  inf luenced by war ed-over f l avor .  2' Laboratory analys is  of the  end-products of l i p i d  ox idat ion ind ica te  a high c o r r e l a t i o n  ( R  = .89) betueen 
Thiobarb i tur ic  a c i d  (TEA) values and o f f - f l a v o r  formation i n  meats (Tar lad ig is  e t  al., 1960). Therefore, TEA 
values can be used as an a n a l y t i c a l  measurement o f  warmed-over f l avor .  
This study was designed t o  explore the e f fec ts  o f  heat ing r a t e  and endpoint temperature on consumer 
accep tab i l i t y  o f  precooked beef roasts and t o  determine the optimum precooking condi t ions f o r  beef roasts. 
Mater ia ls  and Methods 
Tuo hundred chuck tender muscles (Supraspinatus) were trimned of v i s i b l e  external  fa t ,  cut  i n t o  rectangular 
m in i - roas ts  (4 i n  x 4 i n  x 8 i n )  and i n d i v i d u a l l y  put i n t o  cooking bags (Cryovac, W. R. Grace Co., Duncan, SC). 
P r i o r  t o  the precooking treatments, a l l  bags were evacuated and heat shrunk. Roasts were weighed and preheated t o  
an i n t e r n a l  temperature o f  25 C (76 F). 
Thermal processing was performed i n  a computerized smokehouse w i th  a "Delta-TI1 program. F ive heating rates 
and f i v e  endpoint temperatures were examined. Heating rates consisted o f  4, 7, 10, 13 or 16 minutes o f  cooking 
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t ime f o r  each 1 C (1.8 F)  increase i n  in te rna l  temperature (min/C). Endpoint i n t e r n a l  temperatures uere 45, 50, 
55, 60 o r  65 C (113, 122, 131, 140 o r  149 F). A L L  thermal processing was done a t  a r e l a t i v e  humidity o f  99%. 
Upon completion o f  the precooking regime, a l l  roasts uere weighed and stored a t  4 C (39 F).  
Percentage cooking Loss was determined as (Raw ueight - Cooked ueight)/Rau weight X 100. A f t e r  1, 14 and 
28 days o f  re f r ige ra ted  storage, TEA analyses were performed on samples o f  the roasts (Tar ladgis  e t  al., 1960). 
Sensory evaluat ion o f  the re f r ige ra ted  precooked roasts was performed w i t h i n  14 days o f  the precooking 
treatment and a f t e r  the roasts uere reheated i n  a microwave oven (Amana, Model RR-9TB) t o  an in te rna l  temperature 
o f  70 C (158 F ) .  Each member o f  a ten-member t ra ined  sensory panel ra ted a sample o f  each roast  f o r  juiciness, 
tenderness, connective t i ssue  residue and f lavor  on an $-point  scale. I n  addi t ion,  ob jec t i ve  tenderness 
measurements (Warner-Bratzler shear) of the beef roasts uere performed on 12.5 mn (.5 i n )  cores. 
Results and Discussion 
--
No i n t e r a c t i o n  (P>.05) between heating r a t e  and endpoint temperature was observed i n  the percentage cooking 
Loss data. Percentage cooking loss d i d  not d i f f e r  (P>.05) due t o  heating r a t e  o f  the supraspinatus beef roasts 
( t a b l e  1 ) .  Although cooking per iod ranged from 2 t o  11 hours, the cooking bags prevented d i f ferences i n  
evaporation and d r i p  Losses dur ing the cooking y r i o d s  a t  a l l  cooking temperatures. Percentage cooking Loss o f  
the precooked beef roasts increased L inear ly  ( R  = .93) w i th  endpoint temperature ( tab le  2). These data ind ica te  
tha t  change i n  percentage cooking Loss i s  a rate-temperature process having a very h igh endpoint temperature 
dependence. 
E f fec ts  o f  heat ing r a t e  on shear values were independent o f  endpoint temperature. Results obtained show tha t  
Less (~< .05)  shear force was requi red f o r  product cooked a t  the slowest r a t e  (16 min/C, tab le  1). These resu l t s  
agreed we l l  w i th  tha t  o f  Bouton and Har r i s  (1981) who ind icated decrease i n  shear force values was dependent on 
animal age and cooking time. No d i f fe rence  (P>.O5) i n  shear values was observed due t o  endpoint temperature a t  
the heating rates s tud ied ( t a b l e  2). 
TABLE 1. EFFECT OF HEATING RATE ON COOKING LOSS, SHEAR VALUE 
AND STORAGE STABILITY OF PRECOOKED BEEF ROASTS 
Heating rate (min/~) a
4 7 10 13 16 
Cooking loss, % 
W-B shear 
TBA value B kg 
1 day 
14 days 
28 days 
a Heating rate - min/l C (min/l.8 F) increase in internal temperature. 
$A value - mg malonaldehyde/kg sample. 
' Means in same row with a different superscript are different (P<. 05). 
' f p  Means in same row with a different superscript are different (P<. 01) . 
Both heating r a t e  and endpoint temperature a f fec ted  (P<.01) TBA values o f  the beef roasts. Results ind icated 
tha t  the maxinun r a t e  o f  malonaldehyde formation was i n  roasts cooked a t  heat ing rates from 10 t o  13 min/C 
( t a b l e  1). Although the intermediate precooking rates i n  the current study resul ted i n  increased (P<.01) TBA 
values, sensory panel members d i d  nof ind ica te  any incidences o f  warmed-over f l avor .  Endpoint temperature a lso 
had an e f f e c t  (P<.01) on L i p i d  ox idat ion i n  precooked roast beef. Each increase i n  endpoint temperature caused a 
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quadrat ic increase (R = .98) i n  TEA value ( t a b l e  2). The Lack o f  change (P>.05) i n  TBA values f o r  beef roasts 
dur ing 28 days o f  r e f r i g e r a t e d  storage ind icated the precooked roasts maintained t h e i r  s h e l f - s t a b i l i t y  fo r  
ox ida t i ve  r a n c i d i t y  ( tab les 1 and 2). 
TABLE 2. EFFECT OF ENDPOINT TEMPERATURE ON COOKING LOSS, SHEAR VALUE 
AND STORAGE STABILITY OF PRECOOKED BEEF ROASTS 
Endpoint temperature (C) 
45 (113 F) 50 (122 F) 55 (131 F) 60 (140 F) 65 (149 F) 
Cooking loss, % 2.49 3. 3gbC 6. 3oCd 9. 22d 14. 81e b 
W-B shear a kg 4. 57b 4. 56b 4. 66cd 4. 63d 4.66, TBA value 1.04 1.21 1.35 1.52 2.03 
1 day .87 .95 1.05 1.36 1.73 
14 days 1.17 1.43 1.77 1.73 2.61 
28 days 1.06 1.24 1.24 1.48 1.74 
a BA alue - mg malonaldehyde/kg sample. 
Means in same row with a different superscript are different (Pc.01) . 
Analysis o f  the t ra ined  sensory panel resu l t s  ( tab le  3) ind icated tha t  heat ing rate, endpoint temperature and 
the i n t e r a c t i o n  o f  the two had no e f f e c t  (P>.05) on any o f  the ind iv idua l  sensory t r a i t s  examined. Warmed-over 
f l a v o r  was not detected by panel is ts  i n  any o f  the treatments. 
TABLE 3. EFFECTS OF HEATING RATE AND ENDPOINT TEMPERATURE ON SENSORY 
EVALUATION OF PRECOOKED BEEF ROASTS 
Heating rate (min/C) End~oint temperature (C) 
Sensory traits 4 7 10 13 16 4 5 50 5 5 60 65 
Flavor 5.41 5.86 5.41 5.73 5.75 5.73 5.68 4.56 5.58 5.73 
Tenderness 6.48 6.16 5.98 5.93 6.60 5.96 6.26 5.93 6.54 6.45 
Juiciness 6.56 6.8 5.88 5.99 6.31 6.33 6.04 6.09 6.09 6.28 
Connective tissue 5.88 5.80 5.43 5.44 6.38 5.63 5.95 5.43 6.11 5.81 
a Flavor (8 = extremely desirable; 1 - extremely undesirable), tenderness 
(8 = extremely tender; 1 - extremely tough), juiciness (8 - extremely juicy; 1 = 
extremely dry) and connective tissue residue (8 - none; 1 = very abundant). 
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Panel tenderness scores were consistent wi th  shear values observed (R = -.6). Sensory panel responses fo r  
ju ic iness were consistent wi th  cooking loss resu l t s  and ind icated higher endpoint temperatures tended t o  reduce 
ju ic iness scores. 
2 Panel r a t i n g s  fo r  connective t issue residue were a lso s i m i l a r  t o  shear fo rce  values observed (R = -.67). 
Longer cooking times seemed t o  increase col lagen shrinkage react ions i n  these roasts. 
The Low temperature Long-term precooking treatments optimized cooking Losses whi le  maintaining the sensory 
t r a i t s  o f  the beef roasts  which were precooked i n  cooking bags and reheated wi th  the microwave. 
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The current  Acreage Reduction Program has more benef i ts  t o  the l ivestock producer than any o f  the e a r l i e r  
farm programs. I t  cur ren t l y  al lows producers t o  obta in homegrown corn and sorghum a t  costs below the cost of 
product ion by covering the d i f fe rence  between the target p r i c e  and the loan r a t e  or the average market pr ice, 
whichever i s  higher. However, t o  obta in the benef i ts  of the program, the producer must have a good understanding 
of the program and know how t o  ca lcu la te  the m a x i m  ( m i n i m )  premiums t o  be o f fe red  (asked) f o r  c e r t i f i c a t e s  t o  
be traded. I t  a lso requires tha t  the user know the re la t ionships among the loan rate, posted county p r i c e  and 
Local f l a t  cash price. I t  a lso means keeping an eye on the PCP and being ready t o  move when i t  i s  favorable. 
In t roduc t ion  
Of a l l  the  g o v e r m n t  programs designed f o r  reducing feed g r a i n  product ion i n  the past 30 years, none have 
allowed the l i ves tock  producer t o  enjoy the bene f i t s  of the program as mrch as the use o f  PIK c e r t i f i c a t e s .  I t  i s  
the purpose of t h i s  paper t o  expla in  some o f  the provisions of the 1985 Food Secur i ty  Act and how a c a t t l e  feeder 
can use these t o  h i s  benef i t .  
The idea of Generic Cer t i f i ca tes ,  comnonly ca l led  PIK c e r t i f i c a t e s ,  was introduced i n  1986 as a way of paying 
farmers f o r  p a r t i c i p a t i n g  i n  the government's Acreage Reduction Program CARP). They are now being used f o r  other 
payments as wel l ,  such as Conservation Reserve Program (CRP), d isaster  payments and Export Enhancement Program 
(EEP). 
Previous farm programs were designed t o  ra ise  the income of g ra in  producers by reducing the stocks avai lab le 
t o  the market and thereby increasing the market pr ice. A t  best t h i s  was neu t ra l  t o  l i ves tock  producers and, i n  
most cases, ra ised the cost of feeding Livestock through higher feed prices. The current program i s  designed t o  
provide increased income t o  g ra in  producers whi le  a t  the same time lowering the market p r i c e  of feed grain. I t  
f requent ly  al lows feeders t o  buy g ra in  a t  pr ices below the loan rate, which was f requent ly  near the minimum market 
p r i c e  w i th  previous programs. 
Using C e r t i f i c a t e s  
The way l i ves tock  producers obta in farm program benef i ts  i s  t o  buy feed from the government a t  a p r i c e  below 
the loan r a t e  and o f ten  below the cash market pr ice. The feeder can, i n  effect,  s e l l  h i s  corn t o  the government 
a t  the loan r a t e  and then buy i t  back using PIK c e r t i f i c a t e s  at  the posted county p r i c e  (PCP) which i s  a lso known 
as the redemption pr ice.  The way f o r  a l ivestock feeder t o  maximize h i s  re tu rn  i n  t h i s  maneuver i s  t o  buy back a t  
the lowest PCP. Because the PCP i s  h igh ly  corre la ted wi th  the cash price, the best time t o  redeem corn w i l l  
l i k e l y  be dur ing the harvest period. Thus, fo r  the l ivestock farmer, the most l i k e l y  time t o  use c e r t i f i c a t e s  
w i l l  be imnediately a f t e r  tak ing out a loan on h i s  g ra in  a t  harvest. However, t h i s  program i s  con t ro l led  by 
government o f f i c i a l s  and they may have object ives i n  mind which may increase or decrease the frequency of 
p r o f i t a b l e  oppor tun i t ies or move them t o  other seasons. This means c a t t l e  feeders need t o  keep a constant eye on 
the PCP and Local f l a t  cash pr ices and be ready t o  move when they are i n  h i s  favor. 
To i l l u s t r a t e  how c e r t i f i c a t e s  can be used, suppose the going f l a t  cash p r i c e  o f  corn a t  the loca l  elevator 
i s  $1.36 per bushel, the Comnodity Credi t  Corporation (CCC) loan r a t e  i s  $1.63, the posted county p r i c e  o f  81 -20, 
and the cost of product ion i s  $2.75 per bushel. F i r s t ,  l e t ' s  Look a t  a producer who does not p a r t i c i p a t e  i n  the 
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ARP. His cost o f  corn i s  $2.75 uhich i s  greater than what he can get f o r  i t  i n  the market. Thus, he w i l l  need t o  
charge h i s  feeding operat ion $2.75 per bushel t o  cover h i s  cost of r a i s i n g  corn, making h i s  cost of corn f o r  feed 
$2.75 per bushel. 
The producer p a r t i c i p a t i n g  i n  the ARP can put the corn under loan and obta in $1.63 and then redeem the corn 
w i th  c e r t i f i c a t e s .  The cost o f  redeeming the corn i s  the posted county p r i c e  o r  81.20. So, i n  e f f e c t  he can s e l l  
h i s  corn t o  the CCC a t  $1.63 and then buy i t  back f o r  $1.20, p ick ing  up 43 cents on the transact ions. Since the 
corn i s  now a purchased feed, i t s  cost i s  $1.20. One shou1.d keep i n  mind, however, tha t  i t  can s t i l l  be so ld  on 
the cash market a t  $1.36. The wise c a t t l e  feeder w i l l  feed the corn only  i f  he can get more than $1.36 by 
marketing h i s  corn through h i s  c a t t l e .  I f  the corn i s  redeemed with a purchased c e r t i f i c a t e ,  the cost of the corn 
i s  the value pa id  f o r  the c e r t i f i c a t e .  I f  the c e r t i f i c a t e  above was purchased a t  a premium o f  110% o f  face value, 
the corn would have a cost o f  $1.32 per bushel ($1.20 x 1.10 = $1.32). The d i f fe rence  between the cost o f  
product ion and the loan rate, uhich i s  81.12, i s  covered by the "def ic iency payment" uhen p a r t i c i p a t i n g  i n  the ARP 
and should not  be charged against the Livestock enterprise. I n  add i t i on  t o  the loan and redemption p r o f i t s ,  he i s  
e n t i t l e d  t o  a def ic iency payment. This i s  the d i f fe rence  between the target  pr ice,  which approximates the cost o f  
production, and the higher o f  the loan r a t e  o r  the market pr ice. 
A change i n  USDA p o l i c y  i n  August 1987 makes the above process more secure f o r  the c a t t l e  feeder. Corn 
producers can now lalock in "  the PCP on the day they apply f o r  a comnodity Loan. This protects  the PCP dur ing the 
per iod o f  t ime i t  takes f o r  the CCC t o  conduct a l e i n  search on the corn. Before the p o l i c y  change, the producer 
had t o  wait  f o r  a l e i n  search t o  be completed and the loan granted before the corn could be redeemed. I n  the 
meantime the PCP could move higher, increasing the cost of redeeming the corn. With the p o l i c y  change, pr ices can 
be locked i n  and the r i s k  o f  po ten t ia l  loss (or po ten t ia l  benef i t )  due t o  p r i c e  changes i s  eliminated. Once a 
producer locks i n  a PCP, he i s  ob l igated t o  fo l low through. A f a i l u r e  t o  take out the loan and then redeem i t  
u i l l  r e s u l t  i n  damages payable t o  the CCC equal t o  the d i f ference between the loan r a t e  and the PCP, uhich was the 
expected p r o f i t  on the day the agreement was made. 
Another p rov is ion  tha t  helps the c a t t l e  producer i s  that  wet corn can be put under loan. This means tha t  the 
producer who puts  wet corn i n  the s i l o  o r  i n  a i r - t i g h t  storage can obta in a loan from the CCC. He must redeem the 
corn imnediately wi th  c e r t i f i c a t e s  o r  subs t i tu te  d r y  nunber 2 corn i n  i t s  place. I f  i t  i s  redeemed with 
c e r t i f i c a t e s ,  he p icks up the d i f fe rence  between the loan r a t e  and the PCP, assuming the value o f  the c e r t i f i c a t e  
a t  100%. I f  s u b s t i t u t i o n  i s  used, the bene f i t  i s  the di f ference betueen the Loan r a t e  and the market p r i c e  of 
corn given i n  place o f  the wet corn. The producer using t h i s  "wet cornlo p rov is ion  rmst prove the actual  amount of 
wet g ra in  ava i lab le  f o r  Loan. This can be done by using a CCC approved f a c i l i t y ,  c e r t i f i e d  scale t i c k e t s  or have 
an ASCS o f f i c i a l  measure it. Any measuring by the ASCS w i l l  be done a t  the farmer's expense. The amount of wet 
corn w i l l  be converted t o  d ry  corn basis fo r  determining the amount o f  the loan. 
I f  d r y  corn i s  subst i tuted, f ree  stocks of e l i g i b l e  q u a l i t y  r u s t  be used. They may have been under loan 
e a r l i e r  and PIKed back from the CCC. However, any g r a i n  tha t  has been subst i tu ted can not be redeemed wi th  
c e r t i f i c a t e s .  I t can on ly  be redeemed wi th  cash o r  f o r f e i t e d  t o  the CCC. Thus, by using subst i tu t ion,  a producer 
u i l l  be o b l i g a t i n g  h i s  storage f a c i l i t i e s  f o r  the term o f  the loan. 
The C e r t i f i c a t e  Market 
-
When us ing c e r t i f i c a t e s  t o  redeem needed corn, i t  may be necessary t o  buy them. I n  other s i tuat ions,  i t  may 
be more p r o f i t a b l e  t o  s e l l  them. It a l l  depends on the market condit ions a t  the t ime the decis ion i s  t o  be made. 
Therefore, i t  i s  necessary t o  know how t o  ca lcu late t h e i r  value i n  use as u e l l  as know t h e i r  market value. 
C e r t i f i c a t e s  are traded a t  a premium expressed as a percentage o f  face value such as 107%. This means a 
$1000 c e r t i f i c a t e  would s e l l  a t  $1070. C e r t i f i c a t e  values change da i l y .  (The going values are ava i lab le  d a i l y  i n  
the MARKETS program on AGNET f o r  15 East River South Dakota markets.) Their value f luc tua tes  w i th  the number o f  
c e r t i f i c a t e s  ava i lab le  and the p r o f i t a b i l i t y  o f  PIK-and-ro l l .  "PIK-and-ro l l "  re fe rs  t o  the process o f  using 
generic c e r t i f i c a t e s  t o  redeem a c m o d i t y  under loan and then s e l l i n g  i t  imnediately i n  the cash market. 
llPIK-and-holdll r e f e r s  t o  redeeming a c m o d i t y  and then hold ing i t  fo r  sa le or use Later. Generally, people 
engaged i n  P IK-and- ro l l  t r y  t o  redeem t h e i r  g r a i n  and s e l l  i t  on the cash market the same day. They are 
in terested i n  maximizing the d i f fe rence  between the PCP and the loca l  f l a t  cash pr ice.  PIK-and-hold maneuvers 
occur when the PCP i s  considered Low and the producer i s  expecting an increase i n  the f l a t  cash pr ices.  The 
p rac t i ce  here i s  t o  redeem the g r a i n  and then hold i t  f o r  more favorable cash prices. Thus, the person using 
PIK-and-hold genera l ly  i s  speculat ing i n  the cash market. 
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The Livestock producer should be viewing h i s  redemption process as buying feed and therefore seek a Lou PCP. 
Because of the d i f f e r e n t  goals o f  d i f f e r e n t  users of c e r t i f i c a t e s ,  i t  i s  possible t o  have both Lou c e r t i f i c a t e  
premiums and a Lou PCP. When and i f  t h i s  occurs, i t  i s  ideal  for  the c a t t l e  feeder needing t o  redeem more corn. 
o f  course, there i s  no guarantee that  t h i s  u i l l  be the case. During t h i s  past year f l uc tua t ions  have been wide 
enough t o  make i t  p r o f i t a b l e  f o r  those needing c e r t i f i c a t e s  t o  buy them uhen premiums were Lou and hold them u n t i l  
needed. Because the ASCS u i l l  buy back untraded c e r t i f i c a t e s  a t  face value dur ing the Last 90 days o f  t h e i r  
Lives, i t  has establ ished a f l o o r  under c e r t i f i c a t e  values a t  100%. Also, supporting the Lou end are those who 
w i l l  buy them f o r  speculat ion on the bet that  t h e i r  values w i l l  increase. 
Buying C e r t i f i c a t e s  
C a t t l e  feeders need t o  know how much they can af ford t o  pay f o r  a c e r t i f i c a t e  t o  avoid making c o s t l y  
mistakes. One th ing  i n  t h e i r  favor i s  that  they can usual ly  pay more than a g r a i n  farmer seeking t o  redeem a 
comnodity f o r  sa le i n  the cash market. To determine the maximum value that  can be pa id  f o r  a c e r t i f i c a t e ,  f i r s t  
determine the p r i c e  o f  the next best source o f  corn and d iv ide  i t  by the PCP. This next best source w i l l  usual ly  
be the cash market but may be the cash redemption p r i c e  f o r  corn. I f  the next best source i s  t o  buy i n  the cash 
market, then the cost o f  the corn del ivered t o  the farm d iv ided by the PCP w i l l  g i ve  the maximum premium that  can 
be pa id  f o r  a c e r t i f i c a t e  t o  redeem the corn under Loan. This same value w i l l  be the minimum premium that  should 
be demanded f o r  any c e r t i f i c a t e s  put up f o r  sale. Note: i f  there are any other costs i n  a d d i t i o n  t o  the p r i c e  o f  
the corn, such as out-charges a t  the elevator o r  trucking, these should be added t o  the p r i c e  pa id  f o r  the corn 
before d i v i d i n g  by the PCP. 
For the sake o f  i l l u s t r a t i o n ,  Let 's continue wi th  the example on page 1. Suppose a feeder needs another 5000 
bushels of corn f o r  h i s  c a t t l e  and he i s  considering the fo l lowing three opt ions ( i n  add i t i on  t o  redeeming h i s  
corn under Loan w i th  c e r t i f i c a t e s ) :  (1) pay o f f  the CCC Loan wi th  cash, (2) buy the needed corn a t  the loca l  
e levator  and (3) buy corn from h i s  neighbor a t  the going cash pr ice.  Assme tha t  1 1  cents o f  i n t e r e s t  has accrued 
t o  the CCC Loan. Therefore, i f  he chooses t o  redeem tha t  corn wi th  cash, the in te res t  must be paid, b r ing ing  the 
cash redemption p r i c e  t o  $1.74 (81.63 + 8.11). The f l a t  cash p r i c e  a t  the Local elevator i s  $1.36, but there i s  a 
15-cent out-charge and 6 cents f r e i g h t  t o  the feedlot.  This br ings the p r i c e  t o  81.57, which i s  b e t t e r  than 
redeeming the Loan w i th  cash. A t h i r d  a l t e r n a t i v e  i s  t o  buy corn from a neighbor a t  the Local f l a t  cash p r i ce  
p lus t ruck ing o f  6 cents and 5 cents addi t ional  Labor f o r  a t o t a l  o f  81.47. Obviously buying from the neighbor i s  
the Lowest p r i ced  o f  these three a l tsrnat ives.  
To determine the maximum p r i c e  you can pay f o r  a c e r t i f i c a t e  t o  redeem your corn under Loan, d i v i d e  the cash 
p r i c e  t o  be pa id  ($1.47) by the PCP ($1.20) which i s  equivalent t o  122.5%. Thus, the most you should pay f o r  the 
$6000 worth o f  c e r t i f i c a t e s  needed t o  redeem the 5000 bushels i s  $7350 ($6,000 x 1.225 = $7350). I f  the premium 
i s  greater than 122.5%, the buyer would be ahead t o  buy the needed corn from h i s  neighbor and Leave the sealed 
corn i n  storage, f o r f e i t i n g  i t  t o  the CCC i f  necessary. To sunnarize: 
Cash redemption o f  Loan: $1.63 + - 1 1  = $1.74 
Buy a t  elevator:  $1.36 + .15 + .06 = $1.57 
Buy from neighbor: $1.36 + .06 + .05 = $1.47 
1.47 
Maximum c e r t i f i c a t e  value: - x 100% = 122.5% 
1.20 
C e r t i f i c a t e  value needed t o  redeem 5000 bushels: $1.20 x 5000 = 86000 
Maximum t o t a l  value pa id  f o r  86000 face value o f  c e r t i f i c a t e s :  86000 x 1.225 = $7350 
Suppose the same condi t ions e x i s t  as i n  the example above except the p o s s i b i l i t y  o f  buying from a neighbor i s  
out. Now, the next best a l t e r n a t i v e  i s  t o  buy from the Local elevator.  This u i l l  cost 81.57 del ivered t o  the 
farm. The maximum value that  can be pa id  f o r  a c e r t i f i c a t e  i s  now 81.57 div ided by 81.20 or  130.8% of face value. 
The same analys is  appl ies t o  redeeming the sealed corn wi th  cash. Redeeming corn wi th  cash requires that  the 
Loan be pa id  p lus in te res t .  When c e r t i f i c a t e s  are used, the in te res t  i s  forgiven, so uhen evaluat ing t h i s  
a l te rna t i ve ,  accrued in te res t  must be added t o  the Loan value before d i v i d i n g  by the PCP. 
I t  may be poss ib le  t h i s  crop year (1987-88) f o r  the PCP t o  r i s e  above the Loan r a t e  p lus  in te res t .  I f  i t  
does, then i t  w i l l  be cheaper t o  redeem wi th  cash and s e l l  any c e r t i f i c a t e s  you may be holding. This condi t ion 
ex is ted much o f  the sumner o f  1987 f o r  soybeans and oats. The p r o b a b i l i t y  o f  t h i s  occurr ing i n  the corn and 
sorghum markets i s  not very high but not impossible. 
I n  a l l  o f  the above examples, i t  was assuned that  the f l a t  cash p r i c e  and the cash redemption p r i c e  were 
above posted county pr ice.  This need not be so. I f  the f l a t  cash p r i c e  p lus the out-charges and f r e i g h t  are below 
the PCP, then i t  i s  cheaper t o  buy i n  the Local cash market. I f  t h i s  cond i t i on  i s  caused by an abnormally high 
PCP, then i t  may pay t o  wait  f o r  i t  t o  re tu rn  t o  a normal level .  I f ,  on the other hand, i t  i s  due t o  an 
abnormally low cash pr ice,  i t  may be wise t o  take advantage of the cash p r i c e  and then PIK and r o l l  the sealed 
corn uhen p r i c e  re la t ionsh ips  change. The same reasoning w i l l  apply t o  a condi t ion when the PCP i s  above the cash 
redemption pr ice.  I n  e i t h e r  case, examine the s i t u a t i o n  c a r e f u l l y  and move on what appears t o  be the most 
p ro f i tab le .  
Some Tax Impl icat ions 
--
After  a great amount o f  confusion, hopefu l ly  the tax impl icat ions regarding c e r t i f i c a t e s  i s  now set t led.  The 
confusion was on ly  f o r  those farmers who elected t o  t r e a t  CCC loans as Loans. Those who declared loans as income 
when received were not caught up i n  the confusion. 
As word o f  background, on March 2, 1987, the IRS issued a re t roac t i ve  r u l i n g  s t a t i n g  that  any comnodity under 
loan which was redeemed w i th  c e r t i f i c a t e s  was t o  be considered llsold'l a t  the t ime i t  was redeemed and the amount 
o f  the sale, which would be the same as the loan rate, was t o  be considered as gain a t  tha t  time. Then, when the 
comnodity was a c t u a l l y  sold, the s e l l e r  would have gain equal t o  the d i f fe rence  between the redemption p r i c e  (PCP) 
and the cash p r i c e  received. For Livestock feeders, t h i s  meant that  the value of the corn fed would be a tax 
deduct ib le  expense when the c a t t l e  are sold. Consequently, thousands o f  farmers f i l e d  erroneous tax statements 
p r i o r  t o  the ru l ing .  
On October 13, 1987, a f t e r  much Congressional pressure, the IRS revoked t h i s  r u l e  and issued a new one i n  i t s  
place. With the new ru l ing ,  a farmer i s  taxed on the d i f fe rence  between the loan r a t e  and the PCP a t  the time he 
redeems the comnodity w i th  c e r t i f i c a t e s .  He then must c la im the t o t a l  amount o f  the sa le as gain when the 
comnodity i s  sold. For the c a t t l e  feeder, t h i s  means he can not deduct the value of the corn fed as a cost when 
the c a t t l e  are sold, but  i t  a lso means he does not pay income tax on the corn when i t  i s  redeemed. Thus, i t  i s  
the same as would be the case i f  he d i d  not p a r t i c i p a t e  i n  the government program. So as th ings stand a t  the time 
o f  t h i s  wr i t ing,  the farmer who t r e a t s  CCC loans as loans has the fo l lowing condit ions: (1)  generic c e r t i f i c a t e s  
are considered income i n  the year received, (2)  when a comnodity under Loan i s  redeemed wi th  c e r t i f i c a t e s ,  the 
taxable income i s  the d i f fe rence  between the loan r a t e  and the PCP, and ( 3 )  when the redeemed comnodity i s  sold, 
the f u l l  amount o f  the sa le must be considered gain. For the farmer who declares the loan as income uhen 
received, i tem 1 above holds as s tated above, 2 when the comnodity i s  redeemed, no tax l i a b i l i t i e s  are incurred, 
and 3 when the comnodity i s  sold, on ly  the d i f fe rence  between the cash p r i c e  received and the PCP must be declared 
as gain. 
P a r t i c i p a t i o n  i n  the Government Acreage Reduction Program 
Sometimes l i ves tock  producers bel ieve they can not a f f o r d  t o  p a r t i c i p a t e  i n  the government program because 
they need a l l  of t h e i r  crop f o r  feed. This b e l i e f  i s  due t o  a misunderstanding o f  the farm program and the market 
system. The farmer- l ivestock feeder who stays out o f  the government program has higher costs f o r  h i s  homegrown 
feed gra ins because the government i s  not p ick ing up par t  of the product ion costs through def ic iency payments. I n  
1987, the government i s  covering approximately 81.20 per bushel o f  corn product ion costs. Thus, nonpar t ic ipat ion 
r e s u l t s  i n  s i g n i f i c a n t l y  higher corn feed costs, near ly  850 f o r  r a i s i n g  a c a l f  t o  slaughter weight. 
Another misunderstanding i s  the high cost o f  attempting t o  be s e l f - s u f f i c i e n t  by nonpar t ic ipat ion i n  the ARP. 
A fear  o f  a poor crop r e s u l t i n g  i n  an i n s u f f i c i e n t  supply o f  feed i s  another deterrent  t o  par t i c ipa t ion .  The 
current  farm program allows a feeder t o  buy corn and mi10 a t  pr ices below the cost o f  production. Thus, i t  may be 
cheaper t o  buy feed, even i n  a short crop year, than t o  produce i t  without p a r t i c i p a t i o n  i n  the government 
program. If a p a r t i c u l a r  farmer has a poor crop, such as ha i led  out, he can buy corn i n  the market cheaper than 
he can r a i s e  i t  without government help. 
I n  the case o f  a general short supply, the  market p r i c e  could r i s e  above the average cost o f  production. I f  
one i s  i n  the area where product ion i s  scarce, the cost per u n i t  of product ion w i l l  a lso r i se ,  most L ike ly  fas te r  
than the market pr ice, so nonpar t ic ipat ion i s  not an advantage i n  that  s i tua t ion .  I f  one i s  i n  an area where 
product ion i s  near normal, there should be no shortage fo r  a p a r t i c u l a r  farmer whether i n  o r  out o f  the program. 
Glossary 
&. Acreage Production Program. The current name f o r  the government program used t o  reduce acreages i n  
production. 
E. A g r i c u l t u r a l  S t a b i l i z a t i o n  and Conservation Service. 
Cash Redemption Price. The p r i c e  a t  which a CCC Loan can be redeemed wi th  cash. This w i l l  include accrued 
-
interes t .  
Generic C e r t i f i c a t e .  Comnonly c a l l e d  PIK c e r t i f i c a t e s .  These are negotiable instruments used by the ASCS t o  make 
p a r t i a l  payments t o  farmers who p a r t i c i p a t e  i n  the g o v e r w n t  farm programs. They are a lso used as payment 
t o  exporters t o  encourage exports o f  farm comnodities. 
CCC. Comnodity Credi t  Corporation. This i s  the organizat ion tha t  makes nonrecourse Loans t o  farmers who 
-
p a r t i c i p a t e  i n  the farm programs. 
CRP. Conservation Reserve Program. The current Long-term program t o  take marginal and h i g h l y  erodib le  Land out 
-
of production. 
Deficiency Pawnent. The d i f fe rence  between the target  p r i c e  and the higher of e i t h e r  the Loan r a t e  o r  the average 
market p r i ce .  
F l a t  Cash Price. The cash p r i c e  quoted by the loca l  cash market. 
---
I R S .  In te rna l  Revenue Service. 
-
PCP. Posted County Price. This i s  the p r i c e  a t  which a comnodity under Loan can be redeemed wi th  c e r t i f i c a t e s .  
-
No in te res t  i s  charged when t h i s  i s  used. 
PIK and Hold. The process o f  using generic c e r t i f i c a t e s  t o  redeem a comnodity used as secur i t y  f o r  a nonrecourse 
---
loan wi th  the CCC and hold ing i t  fo r  an increase i n  the Local f l a t  cash p r i c e  o r  ho ld ing i t  f o r  t o  be fed. 
PIK and Ro l l .  The process o f  using generic c e r t i f i c a t e s  t o  redeem a comnodity used as secur i t y  f o r  a nonrecourse 
Loan w i th  the CCC and s e l l i n g  i t  imnediately i n  the cash market. Typ ica l l y  the  person doing t h i s  t r i e s  t o  
maximize the d i f fe rence  between the PCP and the Local f l a t  cash pr ice.  
Spot Price. The p r i c e  a c t u a l l y  received i n  the cash market when a product i s  de l ivered and sold. 
Target Price. The governmentls est imat ion o f  a f a i r  p r i c e  which w i l l  cover a l l  economic costs o f  production. 
USDA. Uni ted States Department o f  Agriculture. 
-
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beef cattle research, extension and teachinp programs at South Dakota 
State University: 
African American Institute, The 
American Cyanamid Cmpany 
Black Hills Packing Cmpany 
Bruner Limousin, Winfred, SD 
California Beef Council 
Ceva Laboratories 
Dupaco Packing, Ldars, IA 
Earth Observation Satellite Company 
Elanco Products Cmpany 
Fall River Feedlots 
Fink, Calen and Lori, Manhattan, KS 
Hines, Dr, and Mrs. W. J , ,  Northern 
Plains Embryo Transfer Company 
Hoffman-LaRoche, Inc, 
Hugelman Ranch, Winner, SD 
IBP, Inc., Luverne, MN 
Interriatianal Mineral and Chemical 
Company-Pitman-Moore 
Laafstsdt, James, Alcester, SD 
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&Xi-AGVET, tdarck and Company 
National, Aeronautics and Space 
Adminf st rat l on 
Natianal Live Stock and Meat 
Board 
Nature Conservancy, The 
Peterson Manufacturing Company 
Rishel Angus, North Platte ,  NE 
Pfizer, Inc. 
Ritchie Livestock Foundations 
Select Sires 
Sioux Falls Stockyards 
Southeast SD Experiment Farm 
Corporation 
SD Beef Industry Council 
Cattleman's Ass~ciatian 
SD Livestock Foundation 
Syntex Animal Health 
Thomas Angus, Baker, OR 
RESEARCH A M I  EXTENSION UNITS 
1. SDSU Campus, Agricultural Experiment Station, Cooperative Extension 
Service. 
"-- ,. L i? # Southeast South Dakota Research Farm, Beresford, SD $f Beef cattle nutrition * Swine nutrition and management. 
West River Research and Extension Center, Rapid City, SD k i W  
~~4 Professional research and extension staff in Animal and Range 
5il.a Sciences, Plant Science, Economics, 4-H and Extension 
Administration. 
4. Antelope Range Livestock Station, Buffalo, SD 
Beef cattle breeding * Range beef herd.rnanagement * Sheep 
nutrition, management and breeding. 
5. Range and Livestock Research Station, Cottonwood, SD 
Range beef nut r i t i on * Herd management * Range management , 
These research and extension units are geographically located in 
South Dakota to help solve problems, bring the results of livestock and 
range research to the user, enhance the statewide teaching effectiveness 
of the Animal and Range Sciences department staff and maintain a close 
and productive relationship with South Dakota producers and our 
agri-business community. 
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